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Service quality has become one of the most researched areas today, because 
the service industries are playing a more and more important role in the overall 
economy of the world. This thesis focuses on issues about how to analyze, measure 
and improve service quality in specific educational settings. Quality Function 
Deployment (QFD) is a systematic tool to translate customer requirements into 
appropriate technical requirements. A case study of identifying and meeting students’ 
needs of accommodation services is presented. Furthermore, a popular approach to 
measure service quality is SERVQUAL. In this thesis, another case study presents 
how to measure service quality of Internet-based Learning provided by a Chinese 
major distance learning services provider. It also overcomes linguistic problems by 
employing fuzzy set theory. 
This thesis consists of 6 chapters. Chapter 1 is a brief introduction of this 
thesis. Chapter 2 is a literature survey that provides a thorough review of two existing 
research methods for evaluating service quality, QFD and SERVQUAL. Chapter 3 
presents a proposed process model to employ fuzzy set theory in SERVQUAL to 
evaluate service quality. Following this, two case studies are presented in Chapters 4 
and 5. Chapter 4 is an application of QFD in student accommodation services by the 
National University of Singapore. It demonstrates how QFD can be used to measure 
customer satisfaction in an important component of higher education. Chapter 5 
presents a survey conducted in a Chinese major distance learning services provider, 
which aims to analyze and evaluate service quality in Internet-based Learning. This is 
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based on the SERVQUAL model. We deal with some limitations of the SERVQUAL 
model in this chapter: unstable dimensionality and ambiguity of inputs. A method of 
measuring perceived service quality based on triangular fuzzy numbers is used in this 
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1.1. Research Background and Motivation 
It is common knowledge that improvement in our standard of living is highly 
dependent on better quality in the service sector. Services are taking on increasing 
importance in the worldwide economy. To compete effectively in today’s vigorous 
global competition, service providers have realized that they must instill and practice 
service quality throughout their organizations to survive and grow. The interest in 
service quality parallels the focus on quality, Total Quality Management (TQM), and 
satisfaction in business (Fisk et al., 1993).  
In today’s changing global environment, many educational institutions are also 
facing intensifying competition. In order to achieve competitive advantage and 
efficiency, institutions have to seek ways to differentiate themselves. Higher 
education possesses all the characteristics of a service industry (Shank et al., 1995). 
One strategy that has been related to success is the delivery of high service quality, 
especially during times of intensive competition both domestically and internationally 
(Rao and Kelkar, 1997). This concept has been the subject of many conceptual and 
empirical studies, and it is generally accepted that service quality has positive 
implications for an organization’s performance and competitive position, same to an 
educational institution.  
The study of service quality should be aimed at understanding, meeting and 
surpassing customer needs and expectations. There are many methods that can be 
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used to study service quality. The following two prominent methods are employed to 
study service quality frequently: Quality Function Deployment and SERVQUAL. 
QFD is a customer-oriented planning process for translating customers’ needs into 
technical requirements at every stage of a product’s life cycle and it also has been 
introduced into the service sector to design and develop quality services. SERVQUAL 
is one of the most widely used instruments to evaluate service quality, which defines 
service quality as the gap between predicted service and perceived service. 
However, despite the vast amount of research done in the area of service 
quality in education, quality related issues have received little research attention other 
than teaching activities. First, although QFD has been applied in higher education for 
many years, most has been focused on research and teaching (Chan and Wu, 2002). 
Few efforts, however, have been paid to improve the quality of education in other 
activities, like accommodation, enrollment, and extra-curricula activities. Second, 
distance learning is increasingly popular and becoming a complementary way of 
learning in formal education at schools as well as in continuous education of 
employees, because of its advantages over the traditional education courses. An 
overwhelming number of distance learning programs now are available through a 
multitude of delivery mechanisms, especially the Internet. To respond to this demand, 
universities and other centers of higher education must recognize and meet the needs 
of learners who are quite different from the traditional students of the past. Although 
many conceptual and empirical studies have been done in the area of service quality, 
however, quality issues related to distance learning, especially for online programs, 
have received little research attention (Fresen, 2002 and Sonwalkar, 2002). 
The above reasons mentioned motivated us to undertake this study. Besides, 
services have many characteristics that make the evaluation of quality much more 
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difficult than hard products. These characteristics include intangibility, heterogeneity, 
variation, subjection, customer participation and perishability (Chen, 2001). Since 
many intangible factors and the customers’ subjective judgments can influence 
customer satisfaction, measuring service quality becomes a great challenge for every 
organization.  
 
1.2. Objective of the Thesis 
This exploratory research focuses on how to analyze and improve service 
quality to achieve final excellence in specific educational settings. This study attempts 
to address the following three issues:  
First, how to address the ambiguity and the subjectivity of the customers’ 
judgments in the measurement of service quality?  
Second, how to use QFD and SERVQUAL to analyze, evaluate and improve 
service quality? 
Third, what should we know in order to improve service quality in 
accommodation services and distance learning?   
By employing QFD, SERVQUAL and fuzzy set theory, this thesis explores 
the above three issues and provides their feasible solutions. 
 
1.3. Structure of the Thesis 
This thesis consists of six chapters. The contents of each chapter are 
summarized as follows. Chapter 1 is a brief introduction to this thesis. Chapter 2 is a 
literature survey that provides a thorough review of the following two existing 
research methods for analyzing service quality: QFD and SERVQUAL. In Chapter 3, 
how to employ the fuzzy set theory with SERVQUAL is discussed. The proposed 
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process model employing the fuzzy set theory in the service quality evaluation is 
developed.  
Two case studies have been conducted and are presented in Chapter 4 and 
Chapter 5. Chapter 4 is an application of QFD in student accommodation services by 
the National University of Singapore. It demonstrates how QFD can be used to 
measure customer satisfaction in an important component of higher education. 
Chapter 5 presents a survey conducted in a Chinese major distance learning services 
provider, which aims to analyze and evaluate service quality of Internet-based 
Learning, based on the SERVQUAL model. In this application, we deal with some 
significant limitations of the SERVQUAL model. First, the number of dimensions in 
SERVQUAL is not unique, which is called unstable dimensionality. Second, when 
applying the SERVQUAL model, many intangible attributes, which are difficult to 
measure accurately, will result in the ambiguity of inputs. A method of measuring the 
perceived service quality based on triangular fuzzy numbers is used in this chapter. 












With a view to identify the main framework for this research, the aim of this 
literature review is to provide an initial mapping for the origination and development 
of QFD and SERVQUAL including some limitations in the existing culture, which 
stress the motivation of this study. 
 
2.1. Service Quality 
From a review of the literature on quality, it has been found that early research 
efforts concentrated on defining and measuring the quality of tangible products, while 
the service sector was ignored. Gronroos (1990) noted that product quality was 
traditionally linked to the technical specification of goods, with most definitions of 
quality arising from the manufacturing sector where quality control has received 
extensive attention and research. Crosby (1979) defined quality of goods as 
“conformance to requirements”; Juran (1980) defined it as “fitness for use”; and 
Garvin (1983) measured quality by counting the frequency of “internal” failures 
(those observed before a product left the factory) and “external” failures (those 
incurred in the field after a unit had been installed). These product-based definitions 
of quality may be appropriate to the goods-producing sector. However, knowledge 
about the quality of goods is insufficient to understand service quality (Parasuraman 
et al., 1985). 
Chapter 2                                                                                            Literature Review 
 6
Services are generally described in terms of four unique attributes (Lovelock, 





Oldfield and Baron (2000) proposed that service quality is made up of three 
significant dimensions: service processes, interpersonal factors, and physical evidence. 
Service processes are the system of company policies and the system of service 
delivery that a service provider adopts, which will determine the way the service is 
provided to the customer. For example, in some instances, the rigid nature of an 
organization can cause dissatisfaction when employees are unable to deliver good 
service to a customer (Normann, 1991). Additionally, it has been suggested that 
frontline employees can influence the degree of satisfaction that a customer 
experiences (Bateson, 1977; Bitner et al., 1990).  
Interpersonal factors illustrate that the interaction between customer and 
service organization is also critical to quality service.  People who deliver the service 
are of key importance to both the customers they serve and the employer they 
represent. For example, the employee’s manner and appearance all play a part in 
determining how satisfied the customer is with the service encounter.  
Physical evidence is concerned with the tangible elements associated with a 
service. Customers cannot see a service but they can see and experience various 
tangible elements associated with the service, such as facilities, employees, pamphlets, 
leaflets, etc. 
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A more popular understanding of service quality is that five principle 
dimensions are identified for customers to use to judge service quality. Customers use 
those dimensions to make their assessment, which are based primarily on a 
comparison of their expectations of the service desired with their perceptions of the 
service delivered. This popular definition of service quality is shown in the Figure 2.1.  
And service quality gap model demonstrates that five different types of gaps could 
occur when customers’ expectations do not meet their perceptions of the service (see 
Figure 2.2): 
1. Gap between consumer expectation and management perception, which results 
from a lack of understanding of what consumers expect.  
2. Gap between management’s perception and service quality specifications, 
which results from a difference between the established service quality 
specifications and what the management perceives to be customer 
expectations. 
3. Gap between service quality specifications and service delivery, which results 
from a discrepancy between service quality specifications and inadequate 
service delivery, such as, poor employee performance. 
4. Gap between service delivery and external communications, which results 
from a discrepancy between the quality delivered and the quality promised in 
the service provider’s promotional message. 
5. Gap between perceived service and delivered service, which results from the 
previous gaps. 
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2.2. QFD  
QFD comes from the original Japanese phase: Hin Shitsu Kino Ten Kai 
(Lockamy III and Khurana, 1995), and the three characters mean: 
• Hin Shitsu, which usually means quality, feature or attribute; 
•  Kino, which usually means function or mechanization; and 
• Ten Kai, which usually means deployment, diffusion, development or 
evolution. 
Akao (1990) defined QFD as converting consumers’ demands into “quality 
characteristics” and developing a design quality for the finished product by 
systematically deploying the relationships between the demands and the 
characteristics, starting with the quality of each functional component and extending 
the deployment to the quality of each part and process. According to Sullivan (1986), 
QFD is an overall concept that provides a means of translating customer requirements 
into the appropriate technical requirements for each stage of product development and 
production.  
In general, QFD is a management tool that provides a structured method for 
translating customer needs and expectations into the technical requirements for each 
stage in product or service development. Its power lies in the fact that it uncovers an 
organization’s processes and how these processes interact to create customer 
satisfaction and profit (Raynor, 1994).  
 
2.2.1. History of QFD 
QFD is a method developed in Japan in the late 1960s under the umbrella of 
total quality control to provide a map for interfunctional planning and communication 
(Akao, 1990). In 1972, when QFD was applied at the Kobe shipyards of Mitsubishi 
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Heavy Industries in Japan, it emerged as a viable methodology. It rapidly spread to 
the US in the 1980s and later to many countries in many industries. In the US, the first 
recorded case study in QFD was in 1986 (King, 1989). Kelsey Hayes used QFD to 
develop a coolant sensor, which fulfilled critical customer requirements like “easy-to-
add coolant”, “easy-to-identify unit” and “provide cap removal instructions”.  Later, a 
great literature on QFD evolved (Chan and Wu, 2002). 
 
2.2.2. QFD Models 
QFD has two popular models to illustrate its process. One is the four-phase 
model developed by Clausing (1994): House of Quality (HOQ), Parts Deployment, 
Process Planning, and Production Planning. The four-phase model is based on the 
following four components (Sullivan, 1986): 
1. Overall customer requirement planning matrix - translates the general 
customer requirements into specified final product control characteristics; 
2. Final product characteristic development matrix - translates the output of the 
planning matrix into critical component characteristics; 
3. Process plan and quality control charts - identify critical product and process 
parameters and develop check points and controls for these parameters; and 
4. Operating instructions - identify operations to be performed by plant personnel 
to ensure that important parameters are achieved. 
The other model is called the “Matrix of Matrices” by Akao (1990). It is 
normally presented as a system of thirty matrices, charts, tables, or other diagrams, 
which is considered tremendous and far-reaching and is not dominated in the QFD 
literature (Cohen, 1995). 
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2.2.3. House of Quality (HOQ) 
The HOQ is the most commonly used matrix in the traditional QFD 
methodology. To deploy the voice of customer (VOC), a well-designed questionnaire 
is needed to find out what customers want. This information then needs to be 
incorporated into the design, through the HOQ technique. HOQ is a kind of 
conceptual map that provides a means for inter-functional planning and 
communications (Hauser and Clausing, 1988).  
HOQ recognizes the inter-relationships between customer requirements and 
design variables and between the design variables themselves. The technique appears 
complex, but in reality it is no more than a method of organizing and analyzing 
information. Figure 2.3 below shows the basic HOQ model. The numbered 
paragraphs that follow, which work through the model one step at a time, are cross-
referenced with the figures in the diagram (Fuller, 1998).  
1. List Customer requirements in “What”. 
2. Rate them in order of importance from 1 to 10 (with 10 being “essential to the 
customer”).  
3. In “How”, list how you are going to satisfy the specific customer whats - i.e. 
the basic elements of design to satisfy the customer requirements.  
4. In the Relationships Matrix, cross-reference the strong, medium and weak 
relationships. As the top box indicates, they often carry points of 9, 3, and 1 
respectively.  
5. The “roof” of the house is designed to cross-correlate the “How” against each 
other so that the conflicting and complimentary characteristics can be 
identified. The arrows under the roof indicate whether the design aspect is 
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preferable at its maximum value. This indicates the direction in which you are 
trying to design your product or service. 
6. If required, it is possible to incorporate a benchmarking study. The symbols 
are used to indicate comparative performance. 
 
 
Figure 2.3. Diagram of HOQ (reproduced from Fuller, 1998) 
 
7. The organizational difficulty row can be included to indicate the degree of 
difficulty in achieving that particular design feature.  
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8. The design target values in this section are for the listing of the specific overall 
design values.  
9. This section is optimal and is the technical benchmarking grid. Here, a 
comparison between the basic technical specification and the competition can 
be made.  
10. The final grid is for prioritizing the design program. First, an absolute rating is 
obtained from importance multiplied by strong/medium/weak relationships, 
and then adding all the vertically generated figures. Finally, relate them to 
each other, such that the highest absolute rating is given the priority number.   
 
The process of building the HOQ is quite different from building a real house. 
First, the HOQ constructions begin with the left room - the collection of customer 
needs and their prioritization. Second, the technical characteristics that will satisfy the 
customer requirements are figured out. Third, after gathering the VOC and coming up 
with technical characteristics, we should build the center of the HOQ, which indicates 
how each technical characteristic affects each customer need. Thereafter comes the 
construction of the roof of the HOQ. This is a matrix indicating relationships among 
technical characteristics. The roof is a good indicator of future design trade-off that 
may have to be made. Finally, we should build the technical matrix. This last section 
contains the most important and useful information that may be considered as the 
output of the HOQ. The technical priority provides a rank ordering of the technical 
characteristics. This serves as a guide for making trade-offs in resource allocation. 
Additional information in this section may consist of technical difficulties, estimated 
costs, and the determined importance of meeting a particular target specification. 
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2.2.4. Benefits of QFD 
QFD is widely accepted because of its benefits. Bum (1994) summarized the 
benefits of the QFD approach as follows: 
• Improved quality;  
• Increased customer satisfaction;  
• Improved company performance; 
• Improved time to market;  
• Lower cost in design and manufacture;  
• Reduction in design changes/problems; and 
• Improved product reliability.  
 
2.2.5. Major Pitfalls of QFD  
 Despite QFD’s benefits, there are also many limitations reported by the 
organizations that try to implement QFD. Prasad (1998) summarized the pitfalls of 
QFD: 
1. It would be a complex undertaking, considering just the size of the resulting 
relational matrices in QFD.  
2. Deploying them serially would be a long-drawn process.  
3. Cascading the requirements all together as what was done in the case of 
quality functions would be large and clumsy to handle. 
4. The design obtained through this combinatorial QFD process would result in a 
sub-optimized design, that is, a product particularly designed for 
characteristics related to quality. 
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The major limitations of QFD are discussed in detail as follows. One pitfall of 
the conventional QFD is that it is based on a single measurement, mostly quality plans. 
Today, manufacture and service sectors are more fiercely competitive and global than 
ever. Consumers are more demanding, competition is more global, fierce, ruthless, 
and technology is advancing and changing rapidly. The quality-based philosophy 
inherent in Akao’s QFD style, which was introduced during the early 1970s, does not 
account for the time factor inherent in today’s complex process. Competitors are 
always finding better and faster ways of doing things. What is required is a total 
control of the process - identifying and satisfying the needs and expectations of the 
consumers better than the competitors and doing so profitably faster than any 
competitor (Clausing, 1994). 
Next, QFD is a phased process. The conventional deployment process in QFD 
prescribes a set of structured cross-functional planning and communication matrices 
for building quality as specified by customers into a product. Such a methodology is 
described by Sullivan (1988) and is based on the most popular four-phased 
deployment proposed by Macabe, a Japanese reliability engineer in 1970 (Aswad, 
1989). This is often represented in a cascade time-bound process where characteristics 
of a prior phase are fed as requirements for a subsequent phase. The serial nature of 
deployment tends to make the QFD process sequential. If each phase of deployment is 
a multipartite process, the elapsed time can be significantly large. The total time that 
QFD would take will be elongated.  
Another limitation of QFD is one-dimensional. The roles of the organization 
and engineers are constantly changing today. Competition has driven organizations to 
consider concepts such as time compression (fast-to-market), concurrent engineering, 
design for X-ability, and tools and technology (Taguchi, TRIZ, value engineering and 
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technological forecasting methods, etc.) while designing and developing a product. 
QFD addresses major aspects of quality plans with reference to the functions that a 
product has to perform, but this is one of the many functions that needs to be 
deployed. With conventional QFD, it is difficult to address all aspects of total values 
management (TVM), such as X-ability, cost, tools and technology (Pandey, 1992), 
responsiveness, and organization issues (Carey, 1992). It is not enough to deploy 
quality into the product and expect the outcome to be world-class (Prasad, 1997). 
Some researchers believe that TVM efforts are vital in maintaining a competitive edge 
in today’s world market. The question is how to deploy all the aspects of TVM.  
Furthermore, QFD cannot account for the increasing complexity of a product 
and the conflicting requirements that need to be addressed (Prasad, 1998). QFD may 
not be robust enough to accommodate multiple-function deployment to result in 
products that optimally meet customer requirements. Pandey (1992) proposed that 
conventional QFD process lacks the vigor while implementing simultaneously various 
conflicting value characteristics such as cost, responsiveness, quality, and so on. As a 
result, the conventional QFD process will be repeated for each value once at a time, 
which elongates the product development cycle time into a multiyear tribulation. 
One of the other QFD’s problems is that uncertainties are introduced because 
the starting point is often a questionnaire or an interview conducted by the marketing 
department (Khoo and Ho, 1996). Fuzzy logic is one way to manage uncertainties.  
 
2.2.6. Development of QFD 
2.2.6.1. Voice of Customer (VOC) 
The VOC is considered as the backbone and the input to the whole QFD 
process. VOC analysis is very crucial because QFD users cannot get an inaccurate 
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representation of customer desires at the beginning.  As the backbone of QFD 
(Shillito, 1994), VOC includes two aspects, i.e. qualitative and quantitative. Usually 
what customers want (qualitative VOC) and how they prioritize their wants 
(quantitative VOC) can be collected by listening to the VOC.  
Many techniques have been used in QFD to help collect the VOC, including 
surveys, focus groups, interviews, customer complaints, and direct observations 
(Shillito, 1994; Cohen, 1995). However, traditional techniques have pitfalls, such as 
failure to provide the details required for the product or service planning in QFD 
environment, or barriers to listening to VOC, e.g., respondent bias and rehearsal effect. 
Klein (1990) introduced VOCALYST, a new technique which includes a four-step 
process to systematically collect and structure the VOC. Zaltman and Higie (1993) 
proposed the Zaltman Metaphor Elicitation Technique (ZMET) to understand 
customers by employing a personal interview to elicit the metaphors, constructs, and 
mental models that drive customers’ thinking and behavior. Griffin and Hauser (1993) 
provided a comprehensive discussion on VOC about its identification, structuring and 
prioritization. Analytic Hierarchy Process (AHP) was firstly proposed by Saaty 
(1980), and was then used in QFD by many researchers, such as Akao (1990), Zultner 
(1993), Armacost et al. (1994), Lu et al. (1994) and Doukas et al. (1995). AHP is a 
multi-criteria decision making technique, which is particularly useful for evaluating 
complex multi-attribute alternatives involving subjective and intangible criteria. 
Conjoint analysis was also proposed to find the most valuable quality attributes to 
customers (Gustafsson et al., 1999). The Kano Model was combined with QFD for 
understanding the nature of VOC and for successful product development projects 
(Matzler et al., 1996; Matzler and Hinterhuber, 1998). Tan et al. (2000) incorporated 
Kano’s model into the planning matrix of QFD to help understand the nature of VOC 
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more accurately and deeply. Based on the Kano model analysis, they proposed an 
approximate transformation function to adjust the improvement ratio of each 
customer’s attribute and customers’ raw priorities, accordingly for achieving the 
desired customer satisfaction performance. 
 
2.2.6.2. Prioritization Methods 
Linking customer requirements to technical characteristics qualitatively and 
quantitatively is one of QFD’s advantages. Traditionally, technical characteristics can 
be prioritized according to their additive impacts on customer requirements using a 
relationship matrix and adopting a particular scale. However, given limited resources, 
prioritization is essential in guiding QFD users to make trade-offs in the selection of 
different technical characteristics.   
Various approaches from different perspectives have been proposed in the 
prioritization phase, e.g., the relatively arbitrary setting of the numerical scale, the 
conversion of ordinal to cardinal scale, and the less utilization of the roof matrix. 
Basing on Lyman’s (1990) deployment normalization, Wasserman (1993) proposed a 
prioritization method for taking the correlations among the technical characteristics 
into account, and suggested the use of the technical importance to cost index in 
prioritizing the allocation of resources. Franceschini and Rossetto (1995) used 
multiple criteria decision aid methods for ranking technical characteristics. It showed 
that the avoidance of the rigid procedure of turning relationships from an ordinal scale 
into a cardinal scale could be achieved. Chan and Wu (1998) proposed two new 
techniques for better prioritization of technical characteristics. They considered HOQ 
as a typical multiple attribute decision marking process, and considered prioritization 
as an assessment for the performances of technical characteristics. Therefore, the 
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Technique for Order Preference by Similarity to Ideal Solution (TOPSIS) and 
Operational Competitiveness Rating (OCRA) were applied. Wang et al. (1998) 
extended AHP from the prioritization of customer requirements to the technical 
characteristics. Wang (1999) viewed QFD as a multi-criteria decision problem and 
introduced a new fuzzy outranking approach that was able to handle the evaluation 
results with linguistic terms or prioritize technical characteristics.  
Prioritizing technical characteristics is important in allocating resources and 
guiding downstream analysis, but it provides the information in a general, non-
specific form. It may be necessary to determine the specific value for each technical 
characteristic. From the viewpoint of design process, Belhe and Kusiak (1996) 
modeled the problem of determining optimal values of design process variables to 
maximize the combined quality index of the critical design process variables. On the 
basis of multi-attribute utility theory, HOQ was interpreted and formulated as a multi-
objective optimization problem with constraints derived from the HOQ and physical 
laws (Thurston and Locascio, 1993; Locascio and Thurston, 1998). Franceschini and 
Rossetto (1997) developed a Qbench algorithm for designing a product’s technical 
quality profile, according to the availability of the technical benchmarking 
information. This was further modified by Franceschini and Zappulli (1998) and 
applied to a real case for an important automobile firm. In order to determine the 
target values of technical characteristics, Kim (1997) developed a prescriptive 
modeling approach to maximize the overall customer satisfaction under the system 
and budget constraints. 
All the above analyses on the determination of technical priorities and targets 
are based on the assumption that all the identified technical characteristics will be 
integrated into the subsequent process. Because resources are limited, it might be 
Chapter 2                                                                                            Literature Review 
 20
useful to establish the minimum or optimal set of technical characteristics, which are 
able to answer globally all customer requirements or maximize customer satisfaction. 
Park and Kim (1998) developed a mathematical programming-based approach to 
determine an optimal set of technical characteristics in order to search for the 
minimum set and then focus the design attention on the main characteristic. Its aim is 
to maximize the total absolute technical importance rating from selected technical 
characteristics, which represents the magnitude of customer satisfaction. 
Franceschini and Rupil (1999) discussed in their paper about the rating scale 
and prioritization in QFD. Some potential problems that could arise during the 
elaboration and interpretation of collected data were exhibited. It was illustrated that 
the final ranking of the technical characteristics was highly dependent on the scale 
used. Particularly, it showed that ratings derived from a linear interval scale could 
lead to a wrong ranking of technical characteristics if interpreted as derived from a 
proportional scale. To validate the robustness of QFD, Ghiya et al. (1999) discovered 
that changing correlation values caused the most significant changes.  
 
2.2.6.3. Simplification and Computerization of QFD 
The large size of a HOQ and subsequent matrices may be obstacles to the 
application of QFD. It is time-consuming and difficult to assess the relationships 
between each customer attribute and technical characteristic. Because of the relatively 
large size of the HOQ, Hunter and Landingham (1994) revised the HOQ by deleting 
less important customer attributes and technical characteristics. To reduce risk 
involved in this approach, Kim et al. (1997) presented a formal approach to reduce the 
size of the HOQ chart using the concept of design decomposition combined with 
multi-attribute value theory. The HOQ chart was decomposed into smaller sub-
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problems that could be solved efficiently and independently. Kihara et al. (1994) 
described a disciplined approach to use the Quantification Method of Type III (QM 
III) in QFD, which is a model technique of clustering diverse requirements into 
logical categories. By adopting factor analysis, Shin and Kim (1997) proposed a 
restructuring approach to create a new HOQ with a reduced number of technical 
characteristics. Later, Shin et al. (1998) developed a complexity reduction approach 
using correspondence analysis. It decomposes a HOQ into several small matrices and 
hence makes it easier to perform QFD in practice. 
Franceschini and Rossetto (1998) proposed a partially automatic tool to define 
indirect correlations among technical characteristics, which focused on easy 
generation of the correlations among technical characteristics rather than the reduction 
of the HOQ size. However, the presence of an induced dependence of the 
requirements is necessary, but not sufficient, based on whether two technical 
characteristics are correlated. Some simpler versions of QFD were proposed for its 
earlier and faster usage, such as Blitz QFD. It was developed for QFD teams that have 
constraints on time, people, and money (Revelle et al., 1997). It demonstrates the 
selection and deployment of only the top most important ranked customer needs. 
There are five steps in Blitz QFD, that is: gathering the VOC, sorting the verbatim 
received from the customers, structuring the needs, deploying the prioritized customer 
needs, and analyzing only the important relationships in detail. CRAD (Customer 
Requirements Analysis and Deployment), another simplified version of QFD 
introduced by McLaurin and Bell (1993), was a four-step model called customer 
requirements analysis and deployment, a structured method for discovering 
customers’ requirements and getting customer feedback on company performance. 
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In addition to the standard commercial QFD software systems, other 
computerized QFD systems were developed to serve different purposes. For example, 
in order to gain well-organized information so that customer requirements can be 
consistently met, Sriraman et al. (1990) suggested the use of object-oriented databases 
in QFD, as they are able to store, organize, and manipulate both customer 
requirements and product information. 
Recognizing that the implementation of QFD was limited to a set of paper 
forms, Wolfe (1994) developed a hypertext-based group decision support system 
(DSS), which could provide support for strategic planning at the inception of each 
major system, and support for requirements management, coordination, and control 
throughout the development process. In order to implement QFD as a group 
productivity tool instead of an individual one, Balthazard and Gargeya (1995) 
proposed to develop an integrative technology that meshes QFD and group support 
system (GSS) initiatives. Maier (1995) suggested the representation of an entire 
hierarchy of QFD matrices in a single rectangular grid, which allows full QFD 
analysis on standard computer spreadsheets instead of a special purpose package.  To 
analyze system interrelationships and obtain optimal target engineering characteristic 
values, Moskowitz and Kim (1997) developed an interactive, self-contained, and 
novice-friendly QFD DSS prototype. 
 
2.2.6.4. Use of Other Techniques 
Fuzzy set theory (Zadeh, 1965) has been applied in QFD in the past years. 
Masud and Dean (1993) reported that how to perform QFD analyses when the input 
variables were treated as linguistic variables with values expressed as fuzzy members. 
Kim et al. (1994) introduced an integrated approach that allows a design team to 
Chapter 2                                                                                            Literature Review 
 23
mathematically consider trade-offs among various customer attributes as well as the 
inherent fuzziness in the system by combining multi-attribute value theory with fuzzy 
linear regression and fuzzy optimization theory. Khoo and Ho (1996) developed an 
approach that is centered on the application of possibility theory and fuzzy arithmetic 
to address the ambiguity involved in various relationships. Fung et al. (1998) 
presented a hybrid system that incorporates the principles of QFD, AHP, and fuzzy 
theory to tackle the complex and often imprecise problems encountered in customer 
requirement management.  
Reich (1996) discussed the AI-supported QFD and concentrated on the 
benefits that AI technology can offer to QFD in the process of information acquisition, 
use and communication. To embed QFD tools and their AI supporting tools, an 
architecture of a computational QFD was proposed in his paper. 
By capturing and manipulating the knowledge of human experts, expert 
systems provide advantages of availability, consistency, and testability. The 
architectures for expert systems applied in quality management and QFD has been 
proposed (Crossfield and Dale, 1991; Bird, 1992). Zhang et al. (1996) suggested a 
machine learning approach, in which a neural network was used to automatically 
determine the data, and to avoid the need to input a large amount of data and the 
necessity of estimating values on a rather subjective basis in QFD. Kim et al. (1998) 
proposed a knowledge-based approach for constructing, classifying, and managing 
HOQ charts.  
Group decision-making approach was integrated into QFD by Ho and Chang 
(1999). An integrated group QFD is a multi-disciplinary team process in which team 
member preferences are often in conflict with varied individual objectives. Both 
agreed criteria and individual criteria, if any, are considered simultaneously, whereas 
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AHP and others are based only on an agreed set of criteria. Specifically, the nominal 
group technique is modified to obtain customer requirements, and individual criteria 
methods are integrated to assign customers’ importance levels in general situations 
where some members in a team have an agreed criteria set while others prefer 
individual criteria sets. 
Customer satisfaction and delight are core values within the quality movement. 
Achieving customer satisfaction and delight in an economic way by finding the 
quality attributes most valuable to customers has become a key issue in today’s design 
activities. Conjoint analysis is considered an excellent tool for this purpose. Conjoint 
analysis has recently been introduced as a tool supporting the use of QFD in the 
design process (Gustafsson et al., 1999). An attempt is made to illustrate a possible 
workflow for conjoint analysis and to give an example of the kind of information that 
can be collected by using the technique. Each step in the workflow is illustrated using 
a recent survey regarding the development of a total quality management course 
curriculum. 
Besides, the Taguchi method has been proposed to help benchmark the first 
phase, and artificial neural networks may be used to deal with the large amounts of 
input data (Howell, 2000). 
 
2.3. SERVQUAL 
2.3.1. Original SERVQUAL       
 One of the most widely used instruments to measure service quality is the 
SERVQUAL scale developed by Parasuraman et al. in 1985, and then refined in 1988 
and 1991.  
Chapter 2                                                                                            Literature Review 
 25
In 1988, to derive a service quality measure that would transcend multiple 
measurement contexts, Parasuraman et al. developed SERVQUAL to measure the gap 
between customer expectations and services received. They found that customers used 
similar criteria in evaluating service quality. Based on data analyzed by four 
independent samples (banking service, credit card processing service, repair and 
maintenance service, and long distance telephone service), they presented a 22-item 
scale consisting of five service quality dimensions including:  
1. Tangibles:  The appearance of physical facilities, equipment, personnel and 
communication materials; 
2. Reliability: The ability to perform the promised service dependably and 
accurately; 
3. Responsiveness: The willingness to help customers and to provide prompt 
service; 
4. Assurance: The knowledge and courtesy of employees and their ability to 
convey trust and confidence; and 
5. Empathy: The provision of caring individualized attention to customers. 
Service quality for each dimension is captured by a difference score, G = P - E, 
where G is the perceived quality, P is the perception of delivered service, and E is the 
expectation of service. In order to operationalise this model, the authors developed 22 
items that were designed to capture customers’ expectation and perception of a 
service on those dimensions. 
Despite SERVQUAL’s wide usage by academics and practicing managers in 
various industries (retailers, information systems, higher education, medical 
professionals, hotel and restaurants, airlines, tourism, etc.) and across different 
countries, a number of studies have questioned the conceptual and operational base of 
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the model. More specifically, these studies have failed to confirm the five-dimension 
structure across different industries (Babakus and Boller, 1992; Carman, 1990). 
 
2.3.2. Development of SERVQUAL 
In 1991, Parasuraman et al. made some improvements to the 1988 
SERVQUAL scales according to the recommendation of Carmen, Babakus and Boller 
(Kettinger and Lee, 1994). They asserted that problems created by using negatively 
worded items should be resolved. Slightly modified to apply to Information System 
(IS) setting, the 1991 SERVQUAL instrument consists of two sections (Jiang et al., 
2000). Section I measures the user’s expected service level, and Section II measures 
the user’s perceived service level. Resulting gap scores are produced by subtracting 
the 22 expected items in Section I from the 22 perceived items in Section II. No 
addition or deletion of items was made to the 1991 instrument.  
In an empirical study, Cronin and Taylor (1992) showed stronger predictive 
validity for a version of the 22-item SERVQUAL instrument using only perceived 
service quality performance, as opposed to the SERVQUAL’s gap scores of 
expectations minus perceived performance. According to their argument, 
Parasuraman et al. (1994) stated that superior predictive power of the performance-
only measure must be balanced against its inferior diagnostic value to the practitioners. 
While versions of SERVQUAL continue to be critiqued, SERVQUAL has 
become the preeminent instrument in the assessment of perceived service quality 
within marketing practice and research. 
Recognizing the need to more comprehensively measure information services 
quality, Kettinger and Lee (1994) adapted the SERVQUAL instrument to the IS 
context as an enhancement to the existing User Information Satisfaction (UIS) 
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measure (Ives et al., 1983). They suggested that the original USISF (User Satisfaction 
with the Information in Service Function) may not be comprehensive enough to 
capture the more detailed dimensions of IS service quality in SERVQUAL, revealing 
that the reliability and empathy dimensions of IS service quality may need to 
supplement the service dimensions of USISF. In their article, Kettinger and Lee (1994) 
discussed SERVQUAL’s theoretical roots in the quality and consumer satisfaction 
literature and focused on the practical value of the instrument’s flexibility in the IS 
service context. Kettinger and Lee’s (1994) study helped pioneer the use of the 
SERVQUAL instrument in the IS context. In their paper, using business students as 
subjects, they explored the dimensionality and validity of the instrument. Kettinger 
and Lee found support for four dimensions and a significant negative correlation 
between the perceived quality gap and UIS. In the five dimensions in the 
SERVQUAL instrument, they found reliability, responsiveness, assurance and 
empathy to be present. The tangibles dimension was missing. To further cross-
validate the SERVQUAL instrument, student samples from Korea, Hong Kong, and 
the Netherlands were served to replicate the results found earlier (Kettinger and Lee, 
1995). The same four dimensions were found in the Netherlands sample, but not in 
the Korea or Hong Kong samples.  
Pitt et al. (1995) further extended the application of SERVQUAL in IS by 
placing service quality within the IS Success Model (Delone and McLean, 1992) and 
by independently testing SERVQUAL’s reliability and validity in samples from three 
different organizations. The strength of the IS-adapted SERVQUAL instrument was 
then examined cross-culturally, using organizations in four different countries 
(Kettinger and Lee, 1995). In these introductory papers, the conceptual emphasis 
placed on service quality within the extent of past IS evaluation research and the 
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empirical focus was primarily on the determinations of IS-adapted SERVQUAL 
dimensionality. These articles only briefly touched on questions related to the use of 
“gap” scores and the potential problems in the SERVQUAL “expectation” measure 
(Kettinger and Lee, 1997).  
In their study, Pitt et al. (1995) independently analyzed SERVQUAL data 
from three different sample sites using principal components and maximum likelihood 
methods with orthogonal rotation deriving three, five and seven factor solutions, 
respectively. In the seven-factor solution, the tangibles and empathy dimensions both 
split into two additional factors with reliability, responsiveness, and assurance 
dimensions remaining close to the original SERVQUAL dimensions. The factor 
solutions for the other two samples did not load clearly, nor closely resemble the 
original five SERVQUAL dimensions. Given their findings, Pitt et al. (1995) reported 
that “SERVQUAL does not clearly delineate among the dimensions of service 
quality”. They warned users of the 22-item IS-adapted SERVQUAL instrument to be 
aware of the coalignment of the dimensions of responsiveness, assurance, and 
empathy due to the semantic similarity of these concepts and indicated that the 
reliability of the tangibles dimension was low.  
 
2.3.3. Some Cautions on the Use of SERVQUAL  
The difficulties associated with the SERVQUAL measure that are identified in 
the literature can be grouped in five main categories:  
1. The use of difference or gap scores; 
2. Poor predictive and convergent validity; 
3. The ambiguous definition of the “expectations” construct; 
4. Unstable dimensionality; and 
Chapter 2                                                                                            Literature Review 
 29
5. Failure to capture the dynamics of changing expectations. 
 
2.3.3.1. Problems with the Use of Difference or Gap Scores  
A difference score is created by subtracting one measure from another to 
create a third measure to get a distinct construct. For example, in scoring the 
SERVQUAL instrument, the expectations score is subtracted from the perceptions 
score to create such a gap measure of service quality. Several problems with the use 
of difference scores make them a poor choice as measures of psychological constructs. 
The described difficulties related to the use of difference measures include low 
reliability, poor discriminant validity, spurious correlations, and variance restrictions.  
 
2.3.3.2.  Reliability Problems with Gap  
Many studies demonstrate that Cronbach’s (1951) alpha, a widely used 
method of estimating reliability, is inappropriate for difference scores (Van Dyke et 
al., 1999). This is because the reliability of a difference score is dependent on the 
reliability of the component scores and the correlation between them. As the 
correlation of the component scores increases, the reliability of the difference scores 
decreases. Therefore, Cronbach’s alpha tends to overestimate the reliability of the 
difference scores when the component scores are highly correlated. Such is the case of 
the SERVQUAL instrument (Peter et al., 1993).  
 
2.3.3.3. Validity Issues       
 Another problem with the SERVQUAL instrument concerns the poor 
predictive and convergent validities of the measure. Babakus and Boller (1992) 
reported that perceptions-only SERVQUAL scores had higher correlations with an 
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overall service quality measure and complaint resolution scores than the perception-
minus-expectation scores typically used by SERVQUAL. Parasuraman et al. (1991) 
reported that the SERVQUAL perception-only scores produced higher adjusted R 2  
values (ranging from .72 to .81) compared to the SERVQUAL gap scores (ranging 
from .51 to .71) for each of the five dimensions. Brensinger and Lambert (1990) 
found the evidence of the poor predictive validity of SERVQUAL, while Cronin and 
Taylor (1992, 1994) confirmed the superior predictive and convergent validity of the 
perception-only scores. Their results indicated higher adjusted R 2 values for 
perception-only scores across four different industries. The perception component of 
the perception-minus-expectation scores performs better as a predictor of the 
perceived overall quality than the difference score itself (Parasuraman et al., 1988; 
Cronin and Taylor, 1992, 1994; Babakus and Boller, 1992; Boulding et al., 1993).  
 
2.3.3.4. Ambiguity of the “Expectations” Construct 
Teas (1994) noted that SERVQUAL expectations have been variously defined 
as desires, wants, what a service provider should possess, normative expectations, 
ideal standards, desired service, and the level of service a customer hopes to receive 
(e.g., Parasuraman et al. 1988, 1991, 1994; Zeithaml et al. 1993). These multiple 
definitions and corresponding operationalizations of “expectations” in the 
SERVQUAL literature has resulted in a concept that is loosely defined and open to 
multiple interpretations (Teas, 1994). Different interpretations of “expectations” 
include a forecast or prediction, a measure of attribute importance, a classic ideal 
point, and a vector attribute (Teas, 1993; Parasuraman et al., 1994). These various 
interpretations can result in potentially serious measurement validity problems. For 
example, the classic ideal point interpretation results in an inverse of the relationship 
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between SERVQUAL calculated as perceptions minus expectations (P - E) and 
perceived SERVQUAL (P only), for all values when perception scores are greater 
than expectation scores (i.e., P > E).  
 
2.3.3.5. Unstable Dimensionality 
The results of several studies (Babakus and Boller, 1992; Finn and Lamb, 
1991; Carman, 1990; Cronin and Taylor, 1992; Parasuraman et al., 1991) have 
demonstrated that the five dimensions claimed for the SERVQUAL instrument are 
unstable. The unstable dimensionality of SERVQUAL, demonstrated in many 
domains including information services, is not just a statistical curiosity.  
SERVQUAL replications, carried out in different service activities, show that 
the number of dimensions of the scale is not unique. For instance, Finn and Lamb 
(1991) found out that the dimensions change when customers estimate “product” 
services (department stores) instead of “pure” services (banks). The number of 
dimensions, found in the different replications and studied in this article, varies much 
(Babakus and Boller, 1992; Finn and Lamb 1991; Carman, 1990; Cronin and Taylor, 
1992; Parasuraman et al., 1991). It is noted that the tangibles dimension is found in all 
of these replications. Cronin and Taylor (1992, 1994) considered SERVQUAL as 
“unidimensional” because they do not confirm the scale structure.  
In 1992, through factor analysis, McDougall and Levesque (Llosa et al., 1998) 
found the three following dimensions: Tangibles, Contract Performance and 
Customer-Staff Relationship. Perfecting their analysis by measuring the respective 
importance of these three dimensions, they noted that the first one obtained only ten 
points among the one hundred to be spread. They concluded that: Perceived service 
quality has two main facets, one representing the output quality, the other the service 
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process. More generally, measuring expectations with a Likert scale overestimates the 
importance of certain dimensions (“Tangibles” in this study), for respondents do not 
have to make comparative judgment between the different dimensions of the scale. 
 
2.3.3.6.  The Dynamics of Changing Expectations 
Some criticisms point out that SERVQUAL fails to capture the dynamics of 
changing expectations. Customers learn from experiences. Users may adjust or raise 
their expectations based on what they experience from previous service encounters. 
The customer service life cycle breaks down the service relationship with a customer 
into four major phases: requirements, acquisitions, stewardship, and retirement. In 
generally, user’s expectations differ among these phases (Pitt et al., 1995). Wotruba 
and Tyagi (1991) suggested that how expectations are formed and changed over time 
should be taken into consideration in future work. Gronroos (1993) advocated 
focusing on the dynamics of service quality evaluation.  
 
2.3.4. Some Alternatives to SERVQUAL 
2.3.4.1. SERVPERF 
SERVPERF is a performance-based measure of service quality, which uses 
only a direct measure of perception to capture the discrepancy between expected and 
perceived service quality. The reason for introducing SERVPERF is twofold. 
Firstly, based on the work by marketing researchers that advocate direct 
perceptual measures instead of gap scores (Brown et al. 1993; Cronin and Taylor, 
1992, 1994), they contended that one’s perception of service quality already entails an 
expected service. By separately measuring the expected and perceived level of service 
quality and subtracting these scores, they argued, SERVQUAL is too simplistic to 
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measure this complex cognitive evaluation process. Second, Van Dyke et al. (1997) 
argued that SERVQUAL’s expectation construct is ambiguous. Based on the work of 
Teas (1993) and Boulding et al. (1993), they stated that the expectation measures 
suffer from multiple interpretations depending on whether a customer bases his/her 
assessment on a prediction of what would occur in the next IS service encounter or on 
what ideally should occur. To partially avoid the problem of an ambiguous 
expectation measure, researchers (e.g., Teas, 1993; Peter et al., 1993) argued for a 
direct single-item comparative measure of the perception-expectation gap.  
Van Dyke et al. (1997) proposed that the predictive power of the IS-adapted 
SERVPREF instrument is superior to the IS-adapted SERVQUAL. Other comparative 
criteria, such as reliability and convergent and discriminant validity, showed that the 
IS-adapted SERVPERF provided either weak or unsubstantial improvement over 
SERVQUAL. This finding is consistent with empirical evidence from marketing, 
where they have not conclusively established that SERVPERF is superior in terms of 
convergent or discriminant validity (Parasuraman et al. 1993, 1994).  
Assuming that the findings from Kettinger and Lee (1997) and Pitt et al. (1995) 
are correct, IS managers might question: Why should we use SERVQUAL, which 
requires double the number of items, if SERVQUAL has no better psychometric 
properties than SERVPERF? In fact, Parasuraman et al. (1994) and Pitt et al. (1995) 
addressed this question by suggesting that the richer information contained in 
SERVQUAL’s disconfirmation-based measurements provides managers with 
diagnostic power that typically outweighs the statistical and convenience benefits 
derived from the use of SERVPERF. Parasuraman et al. (1994) asked, “Are managers 
who use service quality measurements more interested in accurately identifying 
service shortfalls or explaining variance in an overall measure of perceived service 
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quality?” Ultimately, managers must decide based on their own unique needs whether 
SERVQUAL’s superior diagnostic value is preferable to SERVPERF’s convenience.  
 
2.3.4.2. SERVQUAL+ 
Parasuraman et al. (1994) proposed and tested three alternative service quality 
measures. SERVQUAL+ was one of them, which has a three-column format 
generating separate ratings of desired, adequate, and perceived service with three 
identical and side-by-side scales (showed in Table 2.1). This model uses the concept 
of tolerance, which has the potential to overcome many of the complaints waged by 
Van Dyke et al. concerning the ambiguity of the IS-adapted SERVQUAL gap 
measure (Kettinger and Lee, 1997). 
 
Table 2.1. SERVQUAL+ formats (adapted from Parasuraman et al., 1994) 





In this model, Zeithaml et al. (1993) pointed out that service expectations exist 
at two levels that customers can use as standards in assessing service quality, namely, 
desired service and adequate service. The former represents a level of service what 
customers are expecting, while the latter is the minimum level of service customers 
are willing to accept. These two levels establish a range of service performance 
customer would consider satisfactory. Therefore, rather than a single expectation 
point, customer service expectations are characterized by a range of levels. This 
“desired” expectation, “adequate” expectation, and “perceived” service format has a 
My Minimum Service 
Level is: 
Low                     High 
1  2  3  4  5  6  7  8  9 
My Desired Service 
Level is: 
Low                     High
1  2  3  4  5  6  7  8  9 
My Perception of __’s  
Service Performance 
is: 
Low                     High
1  2  3  4  5  6  7  8  9 
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strong practitioner appeal. Service providers may formulate service improvement 
plans based on this zone of tolerance concept. Depending on the relative position of 
the perceived service pointer (within or outside of the zone) for each of the different 
dimensions, short-term and long-term quality improvement resource allocation plans 
can be prescribed. In the short term, any dimension with a perceived pointer outside 
of the zone would be a service dimension requiring utmost attention. When all of the 
pointers are within the zones, the relative positioning of any pointer and the width of 
the zone itself are the criteria for deriving long-term service improvement plans.  
Further testing of these scales and the adaptation of the promising 
SERVQUAL+ instrument will, most probably, result in an improved instrumentation 
that possesses better psychometric and practical properties than the current versions of 
SERVQUAL, SERVQUAL short form and SERVPERF (Kettinger and Lee, 1997). 
However, until researchers deliver these improved measures, most of the managers 
are like to choose the service quality instrument that best satisfies their unique 
measurement context.  
 
2.3.4.3. The Concept of Loss 
Since SERVQUAL’s introduction in 1988, both theoretical and operational 
criticisms have constantly appeared. There is one substantial criticism on the 
operation of SERVUQAL instrument. Classical SERVUQAL use the assumption that 
the positive and negative disconfirmations are symmetrically weighted. However, 
from customers’ viewpoint, failure to meet expectations often seems to be a more 
significant outcome than success in meeting or exceeding expectations (Hardie et al., 
1993).  In situations where the discomfiture gaps take different signs, the averaging 
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process may not be an optimum way of aggregating service quality data (Hussey, 
1999).  
Therefore Hussey proposed the notion of SERVQUAL loss and introduced 
Categorical, Linear and Quadratic loss functions. The details of the three loss 
functions are as follows: 
First, the categorical measure of service quality loss simply computes the 
proportion or percentage of SERVQUAL question pairs that are negative gaps. Zero 
or positive discomfiture gaps are scored together as zero to indicate that the 
respondent experiences no regret or loss with the feature described by the question 
pair under consideration. Not only will this measure be easily understood, it also 
provides an index of satisfaction for service quality performance. 
Second, the linear measure of SERVQUAL quality loss function is computed 
simply by setting all positive discomfiture gaps to zero, reversing the sign of the 
negative gaps and then averaging the results. The linear function is closely associated 
with the original SERVQUAL function. If all of the discomfiture gaps are less than 
zero, then the linear service quality loss score will be equal to the standard 
SERVQUAL score but with reversed sign.  
Third, the quadratic loss function sets positive gap scores to zero. Negative 
gap readings are squared to amplify their effect and making their sign positive. This 
measure will clearly identify the suppliers, which the customers feel most unsatisfying. 
However, Hussey found out in his tests that using a single measure of overall 
service quality is over simplistic. What may be more useful is the richer profile of 
customer service quality provided by several different measures. Given that linear loss 
is closely related to classical SERVQUAL when most gaps are negative, it is perhaps 
best to construct an overall profile using all the categorical, linear and quadratic 
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measures. Future research priorities include the determination of accurate significance 
levels for the three different loss statistics. Hussey suggested that Monte Carlo 
methods would be needed to evaluate the appropriate significance levels for the linear 
and quadratic loss measures.  
 
2.4. Conclusions 
As the above literature review shows, the originations and developments of 
QFD and SERVQUAL are briefly introduced. The basic frameworks of how to 
practically apply QFD and SERVQUAL are demonstrated, that is, the most common 
used matrix - HOQ and the backbone of QFD - VOC in QFD applications and the 22-
item instrument using gap scores of expectations minus perceived performance in 
SERVQUAL applications. Although many empirical studies have been carried out, 
accommodation services and distance learning are relatively not explored. Two case 
studies based on these two areas are reported in this study. Besides, This literature 
survey also revealed many limitations of the existing QFD and SERVQUAL models. 
Especially, the unstable dimensionality and ambiguity of input in the SERVQUAL 
model are the main motivations for this research to carry out.  
However, due to the constraints of resource and time, it will be impossible to 
investigate all the limitations and problems identified in the above literature review. 
Therefore, many potential research topics will not be covered in the current study. 
The main theme of this study will be on the three research objectives as mentioned in 
Chapter 1.




Employing Fuzzy Set Theory with SERVQUAL to 
Evaluate Service Quality 
 
3.1. Motivation for Employing Fuzzy Set Theory 
Service industries are becoming more and more important in the worldwide 
economy. Improving service quality effectively has become the main issue for 
business managers. There are a number of definitions of service quality. One 
definition based on customer satisfaction can be defined commonly by comparing 
perceptions of service with expectations of service. However, services have many 
characteristics that make the evaluation of quality much more difficult than 
commodities, like intangibility, heterogeneity, subjection, customer participation and 
perishability. Intangible attributes of service quality, such as safety and comfort, are 
difficult to measure accurately. Besides, different individuals usually have a wide 
range of perceptions toward quality service, depending on their preference structures 
and roles in process (Tsaur et al., 2002). Therefore, measuring service quality is one 
of the greatest challenges for every organization since many intangible factors and the 
customers’ subjective judgments can influence customer satisfaction. 
To measure service quality, conventional measurement tools are devised on 
cardinal or ordinal scales. L-point of Likert scale is the major way to evaluate service 
quality in the past. The Likert technique presents a set of attitude statements. Subjects 
are asked to express agreement or disagreement of a L-point scale. For example, 5-
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point Likert scale asks to give each degree of agreement a numerical value from 1 to 5. 
In these investigations, the customers usually use crisp values to represent their 
feelings and subjective perception of service quality. Most of the criticisms about 
scales based on measurement are that scores do not necessarily represent user 
preference. In fact, due to intangible and subjective information often appearing in the 
evaluation process, crisp values are inadequate to represent the evaluation ratings of 
customers. This is because respondents have to internally convert preferences to 
scores and the conversion may introduce distortion of the captured preferences (Tsaur 
et al., 2002), forcing the evaluators to do an over-high or over-low appraisal. 
Consequently, it would influence the accuracy of the evaluation.  
To reduce the subjectivity and ambiguity for the judgment of service quality 
by each customer, the fuzzy approach is better than the traditional statistic approach. 
In other words, a more realistic way may be to use linguistic assessments instead of 
numerical values.  Modeling using fuzzy sets has proven to be an effective way for 
formulating decision problems where the information available is subjective and 
imprecise (Zimmermann, 1996; Hellendoorn, 1997; Chang and Yeh, 2002). A set of 
scale of linguistic labels can be presented to the customers, who can use it to describe 
their opinions. 
 
3.2. Fuzzy Set Theory and its Applications 
Fuzzy set theory was developed for solving problems in which descriptions of 
activities and observations are imprecise, vague and uncertain. Lingual expressions, 
for example, satisfied, fair and dissatisfied, are regarded as the natural representations 
of the preference or judgment. These characteristics indicate the applicability of fuzzy 
set theory in capturing the decision makers’ preference structure. Fuzzy set theory 
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aids in measuring the ambiguity of concepts that are associated with the human 
being’s subjective judgment. Since the evaluation is resulted from different 
evaluator’s view of linguistic variables, it must be conducted in an uncertain fuzzy 
environment. During the process, evaluators are imprecise with a significant large 
allowance for error. However, from the decision makers’ point of view, it will be 
easier for them to utilize quantitative rather than qualitative information. Therefore, to 
treat the vagueness and ambiguity inherent in the linguistic input and to make the 
decision-making process workable, it will be better to employ fuzzy set theory in the 
process to apply SERVQUAL. 
“Not very clear”, “probably so”, and “very likely”, these terms of expression 
can be heard very often in daily life, and their commonality is that they are more or 
less tainted with uncertainty. With different daily decision-making problems of 
diverse intensity, the results can be misleading if the fuzziness of human decision-
making is not taken into account. However, since Zadeh (1965) first proposed fuzzy 
set theory and Bellman and Zadeh (1970) described the decision-making method in 
fuzzy environments, an increasing number of studies have dealt with uncertain 
problems by applying fuzzy set theory.  In addition, when implementing SERVQUAL 
with linguistic data, some factors may affect the results, such as the type of fuzzy 
number s, defuzzification strategies, and the degree of fuzziness of fuzzy numbers.  
 Nowadays, the fuzzy set theory has been applied to the field of management 
science, like decision making (Hutchinson, 1981; Viswanathan, 1999; Xia et al., 2000; 
Chen, 2001), and in the implementation of QFD (Masud and Dean, 1993; Bahrami, 
1994; Khoo and Ho, 1996; Fung et al., 1998). The fuzzy set theory was also used in 
evaluating service quality, especially integrated with Multicriteria Decision Making 
(MCDM) process (Tsaur et al., 2002; Chien and Tsai, 2000; Chen, 2001). 
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3.3. Linguistic Variable 
A linguistic variable differs from a numerical variable in that its values are not 
numbers but words or phrases in some languages (Zadeh, 1975). It is a variable with 
lingual expression as its values. One example for the linguistic variable is “bus service 
quality”. It means the service quality that passengers experience during traveling in a 
bus. The possible values for this variable could be: “very dissatisfied”, “not satisfied”, 
“fair”, “satisfied”, and “very satisfied”. 
 
3.4. Fuzzy Number and Fuzzy Arithmetic  
Let the universe of discourse X be the subset of real numbers R, X = {x1, x2, 
x3,…, xn}. A fuzzy set A
~  = {(x, µA (x))x∈X} in X is a set of ordered pairs where 
µA(x) is called a membership function and µA (x): X → [0,1]. 
Definition 3.1. Let A~  = {(x, µA (x))x∈X} and B~ = {(x, µB (x))x∈X}   (Klir and 
Yuan, 1995) 
µA ∩B (x) = min (µA (x); µB (x)), x∈X 
µA ∪B (x) = max (µA (x); µB (x)), x∈X 
Definition 3.2. The α-cut set A~ α of a fuzzy set A~  is defined as A~ α = {xµA (x)≥ α, 
x∈X}, 0 ≤ α ≤1, α∈R (Zimmermann, 1986). (see Fig. 3.1) 
Definition 3.3. The Hamming Distance d (µA (x);µB (x)) = ∫xµA (x) - µB (x) dx  (Klir 
and Yuan, 1995),  
where µA (x) and µB (x) denote the membership functions of the triangular fuzzy 
numbers A~  and B~ , individually. 
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Fig. 3.1.  The α-cut set A~ α of a normal and convex fuzzy number A~  
 
This section parameterizes a triangular fuzzy number A~  by the triplet 
),,( 321 aaa . The membership function µA (x) of A~  is defined in Eq. (3.1), and its 
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Fig. 3.2. A triangular fuzzy number A~  
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In Fig. 3.2, vA is a point that divides the bounded area of a triangular fuzzy 
number A~  into two equal parts. 
Linguistic terms, satisfaction degree and importance degree, are often vague. 
To provide more objective information, we fuzzify satisfaction degree and importance 
degree as triangular fuzzy numbers individually by Eq. (3.1), and apply Eq. (3.2) to 
aggregate group opinions. 
Aave in Eq. (3.2) denotes the average fuzzy number of n triangular numbers 





iii aaa , where i = 1, 2, 3,…, n. Without loss of generality, A~  replaces 
Aave. To justify whether an attribute is weak or strong, we compare vA between two 
triangular fuzzy numbers that are defined in Eq. (3.3) (Chen, 1996). 





















n ==+⋅⋅⋅++ ∑∑∑ ===         (3.2) 
vA = ( 321 2 aaa ++ )/4                 (3.3) 
for the triplet ( 321 ,, aaa ) of a triangular fuzzy number A
~ .                                                                     
In the following section, Eq. (3.3) is applied to rank two fuzzy numbers for 
clarifying weak and strong attributes.  
 
3.5. A Process Model for SERVQUAL Based on Linguistic 
Variables          
 In this section, a new method of measuring service quality is proposed, which 
is based on linguistic variables. Here, this process model is divided into the following 
four steps. 
 
Step 1: Creating a triangular fuzzy number for the ith customer’s linguistic terms. 
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Let kiA
~ be a triangular fuzzy number that is the ith customer’s linguistic 
importance degree, and let kiB
~  be one that is the ith customer’s linguistic satisfaction 
where k denotes the kth attribute, i = 1, 2, 3, …, n, k = 1, 2, 3, …, p, n is the sample 
size, and p represents the number of attributes.  
To simplify mathematical symbols, we replace kiA
~  by A~ i and kiB
~  by iB
~ , 
which represent the ith customer’s importance degree and satisfaction degree for an 
attribute individually. 
The triplets (0, 0, 2), (0, 2, 4), (2, 4, 6), (4, 6, 8), and (6, 8, 8) of A~ i for i = 1, 2, 
3, …, n, in linguistic terms, mean “very unimportant”, “unimportant”, “fair”, 
“important”, and “very important”, respectively (see Fig. 3.3). Similarly, the triplets 
(0, 0, 2), (0, 2, 4), (2, 4, 6), (4, 6, 8), and (6, 8, 8) of iB
~  for i = 1, 2, 3, …, n represent 










Fig. 3.3. The ith customer’s linguistic importance term. 
 
 



















Fig. 3.4. The ith customer’s linguistic satisfaction term. 
 
Step 2: Creating an average triangular fuzzy number from n triangular fuzzy numbers. 
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iii bbb  where i = 1, 2, 3,…, n. 
We apply Eq. (3.2) to combine n customers’ opinions, and define A~  and B~  in Eqs. 
(3.4) and (3.5) that are the average triangular fuzzy numbers of A~ i and iB
~  
respectively, where i = 1,2, 3,… n. 
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Step 3: Clarifying the weak or strong attributes. 
If customers’ satisfaction degree is greater than importance degree for an 
attribute, then we consider the attribute is strong. Otherwise, it is weak. 
To clarify which attribute is weak or strong objectively, it is important to 
differentiate whether the discrepancy between satisfaction degree and importance 





poor poor fair good excellent 
iB
~
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degree is positive or negative. Instead of the averages of difference scores, we apply 
Eq. (3.3) to justify which attribute is preferable. 
With respect to an attribute, let A~  = ),,( 321 aaa be the average triangular fuzzy 
number of importance degree, and B~  = ),,( 321 bbb  be the one of satisfaction degree. 
Applying Eq. (3.3), A~  constructs vA in Eq. (3.6) and B
~  gives vB in Eq. (3.7). 
Therefore, if v > 0 in Eq. (3.8), the attribute is considered as a strong one; otherwise, 
it is a weak one. 
vA = ( 321 2 aaa ++ )/4                                     (3.6) 
vB = (b1 + 2b2 + b3)/4                              (3.7)  
v = vB- vA                                                        (3.8) 
To clarify an attribute from “v” of Eq. (3.8), three conditions are illustrated in 
the following: 
1. If v < 0 that indicates vB < vA, we say the attribute is weak because customers’ 
satisfaction degree is less than importance degree. Therefore, the attribute is 
under an inferior condition. 
2. If v > 0 that indicates vB > vA, we consider an attribute is strong because 
customers’ satisfaction degree is more than importance degree. In other 
words, the attribute is under an advantageous condition. 
3. If v = 0 that implies vB = vA, then the attribute resource is used sufficiently 
because customers’ satisfaction degree exactly equals importance degree. 
However, this case is rare. 
 
Step 4: Defuzzification. 
The result of fuzzy synthetic decision of each alternative is a fuzzy number. 
Therefore, it is necessary that the nonfuzzy ranking method for fuzzy numbers is 
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employed during service quality comparison for each alternative. In other words, 
defuzzification is a technique to convert the fuzzy numbers into crisp real numbers. 
The procedure of defuzzification is to locate the Best Nonfuzzy Performance (BNP) 
value. There are several available methods that serve this purpose. Mean-of-
Maximum, Center-of-Area, and α-cut Method are the most common approaches 
(Zhao and Govind, 1991). This study utilizes the Center-of-Area method due to its 
simplicity and no requirement for the analyst’s personal judgment.  
The defuzzified value of a triangular fuzzy number can be obtained from Eq. (3.9).  
BNP = (( a 3  – 1a ) + ( a 2 – 1a ))/3 + 1a                                 (3.9) 
The above is a process model only based on simple computerizations of fuzzy 
numbers. We could induce general solutions for the intersection area between two 
triangular fuzzy numbers, so that the discrepancy rate “r” between satisfaction degree 
and importance degree can be found. We also can consider (1-r) which is called 
“compatibility” between perceived service and expected service. As suggested in 
Dubois and Prade (1988), the attractiveness of a fuzzy attribute (satisfaction degree, 
µB (x)) relative to a fuzzy objective function (importance degree, µA (x)) may be 
evaluated as the compatibility between two fuzzy sets. Let Π(µA (x), µB (x)) be the 
possibility that an attribute fits the customer objective. N (µA (x), µB (x)) measures the 
certitude of µA (x) relative to µB (x), as a degree to which the statement “the attribute 
does not fit the customer objective” is impossible. 
 
3.6. Conclusion 
  As services have many characteristics such as intangibility, heterogeneity, 
perishability, and subjection, which make the evaluation of service quality influenced 
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by many uncertain factors. Fuzzy set theory was developed for solving problems in 
which descriptions of activities and observations are imprecise, vague and uncertain. 
In this chapter, we attempt to propose a fuzzy approach to reduce the ambiguity and 
the subjectivity in the measurement of service quality.   
First, the concept of a linguistic variable, fuzzy number and fuzzy arithmetic are 
briefly introduced. Second, to employ the fuzzy set theory with SERVQUAL, a 
process model based on triangular fuzzy numbers is proposed in this chapter, which 
includes four steps: “Creating a triangular fuzzy number for the ith customer’s 
linguistic terms”, “Creating an average triangular fuzzy number from n triangular 
fuzzy numbers”, “Clarifying the weak or strong attributes” and “Defuzzification”. 
Specifically, we use v-value to clarify the weak or strong attributes and Center-of-
Area method to locate the BNP value in this model. 
This proposed fuzzy approach allows SERVQUAL users to avoid the 
subjective and arbitrary quantification of linguistic data and presents a framework that 
is easy to use during the evaluation of service quality by SERVQUAL.  




Using QFD to Evaluate Service Quality in 
Accommodation Services by the National University 
of Singapore 
 
4.1. Introduction  
Nowadays, colleges and universities are increasingly finding themselves in a 
fiercely competitive environment. Today’s students expect that colleges and 
universities have what they also demand elsewhere: better service, lower costs, higher 
quality, and a mix of products that satisfy their own sense of what a good education 
ought to provide. The recent inclusion of education organizations as a new category in 
the Malcolm Balridge National Quality Award (MBNQA) affirms the increasing 
importance of quality assurance in education.  
Competition among universities are increasing due to reasons like changing 
student demographics, diminishing government funding, and high requirement of 
employers, etc. What’s more, many nations have shown a trend of economy recession 
recently. The declining economy has apparent influences on higher education in two 
aspects:  One aspect is the decrease in fund allocation by government and enterprises, 
and the other is the stricter requirements of the employers. On the other hand, the 
prospective students also pay more attention to the overall quality of the universities.   
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Total Quality Management (TQM) was introduced to achieve a quality 
education for many years. Many TQM principles and tools used by the industries are 
now being applied to an educational setting. The Japanese-developed Quality 
Function Deployment, which has won recognition worldwide, has been successfully 
applied to higher education in many cases in the areas of research and teaching, such 
as research plan development, degree program design, teaching improvement, and 
curriculum change, etc. This chapter presents a case study of identifying and meeting 
students’ needs of accommodation services, which also have a great influence on 
students’ experiences in universities. Student accommodation is always considered 
one of the most important services during the higher education period. Not only will 
students spend more than eight hours a day in activities relating to accommodation, 
but accommodation can also be an important education base for students to develop 
their characters, to make friends, to practice their living abilities, to develop their 
communication skills, and to resolve their personal problems. As a result, if 
accommodation services meet students’ needs well, they will be much more satisfied 
with their experiences in universities.  
 
4.2. Applications of QFD in Higher Education 
QFD has been applied to improve higher education in recent years. At Aston 
University in the United Kingdom, the head of the Department of Vision Sciences 
formed a project team to test the applicability of QFD in the design and evaluation of 
a degree program (Clayton, 1993). It provided the department head with a framework 
for a detailed analysis of the efficiency of an existing program. Clayton also 
recommended that due to the nature of QFD, which starts from the needs of student, 
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the real power of QFD would be significant when used for an introduction of a new 
study program. 
At West Virginia University in the United States, to increase enrollment and 
retain current students in engineering, QFD was applied to explore ways to improve 
the advising process as well as to improve the teaching process (Jaraiedi and Ritz 
1994).  
Another example is at Grand Valley State University in the United States 
(GVSU).  Pitman et al. (1995) and Motwani et al. (1996) illustrated how QFD method 
had been used to measure customer satisfaction in educational institutions, and the 
MBA program at GVSU was evaluated. Through the use of three HOQs, the VOC 
was derived from the students and the business community. The results showed that 
QFD was successful in ascertaining customer desires, prioritizing them, and directing 
organizational resources towards customer satisfaction.  
Krishnan and Houshmand (1993) applied QFD to the design of engineering 
curricula and showed how it can be implemented in a university setting at the 
University of Cincinnati.   
To strengthen the research program of the Department of Industrial 
Engineering at Mississippi State University, QFD was developed to be a good means 
for formalizing the process of the strategic research planning (Chen and Bullington, 
1993). QFD was used to help identify key customers for departmental research efforts, 
to identify and track their research needs, to fashion a comprehensive strategic plan 
for departmental research activities, to deploy various research functions and 
responsibilities and to track research performance relative to goals.  
At the Department of Mechanical Engineering of the University of Wisconsin-
Madison, QFD was also employed to revise the ME curriculum (Ermer, 1995). At the 
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start of a QFD effort, three categories of customers were identified: faculty members, 
undergraduate students, and future employers of the students. Thus three HOQs were 
constructed. They pointed out the needs to revise the undergraduate curriculum and to 
increase support and recognition of faculty members by the department chairman. The 
department’s use of QFD provided a successful example of process improvement and 
cycle time reduction in an academic setting. 
Lam and Zhao (1998) used both QFD and AHP to identify teaching methods 
and techniques, and to evaluate effectiveness in achieving educational objectives at 
the Department of Applied Statistics and Operational Research at the City University 
of Hong Kong. A QFD matrix was developed by employing ten educational 
objectives as the customer requirements and the teaching techniques as the technical 
specifications. The effectiveness ratings from QFD were used as the correlation 
between technical specifications and customer requirements. Through this process, 
the most effective teaching techniques were identified. 
Recently, a three-phased adapted QFD model (service planning, service 
element planning, and operations planning) for a service environment was applied by 
Hwarng and Teo (2000) in the business school at the National University of 
Singapore (NUS). HOQs were developed in three cases: the course design and 
delivery, the online course registration system, and the research grant application. 
Each case carried out a three-phased house-to-house translation to translate the VOC 
into concrete, actionable steps for service improvement in higher education. 
Although QFD has been applied in higher education for years, the focus has 
been on research and teaching.  Few efforts, however, has been made to improve the 
quality of education in other activities, like accommodation, enrollment, and 
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extracurricular activities. In view of this drawback, an application of QFD in another 
aspect in higher education, student accommodation services, is presented below. 
 
4.3. Data Collection 
4.3.1. Gathering the Voice of Students  
The first step in this case study is to identify the voice of students who are 
primary customers of the accommodation services provided by NUS. Two methods 
were firstly adopted to get the requirements of the students. Although the most 
effective method is one-to-one interview (Shillito, 1994; Cohen, 1995), emailing and 
posting onto newsgroup were firstly adopted because of the cost savings and fast 
execution.  
However, after 50 emails were randomly sent out to ask the requirements of 
the students who were current customers of accommodation services in NUS, only 
four of them were replied. The response rate was quite low because the emails were 
not sent by the authorities. Moreover, the reply emails consisted very few contents. As 
it was hard and time-consuming to ask relevant authorities to urge students to reply 
emails, this method was abandoned. One-to-one interview method was taken as the 
primary method eventually. Although the interview method consumed much more 
time, it can provide a much deeper and more thorough understanding of the students’ 
requirements. In total, 15 students including graduate and undergraduate students 
were interviewed to get a better understand of the different requirements of the 
students. These voices were classified into four categories: study, entertainment, 
living, and others. A list of user requirements of student accommodation services is 
presented in Table 4.1. 
 
Chapter 4          Using QFD to Evaluate Service Quality in Accommodation Services  
 54
4.3.2. Preparation of the Questionnaire 
After figuring out what students want and need from the accommodation 
services in NUS, it is interesting to understand the perception of the services. To focus 
on relative weak performances of these services, a paper-based survey was conducted. 
 
Table 4.1. Categorized user requirements 
 
Provide a cozy study environment 
Convenient to access Internet 
 Study 
Have effective rules to reduce noise 
Easy to enjoy sports facilities 
Have plenty of activities for fun and communication 
Entertainment 
Have various entertainment facilities nearby 
Access most parts of campus and city easily 
Availability of different kinds of food nearby 
Easy to buy living necessities even at late night 
 Living  
Easy to access basic appliances (e.g., for cooking and 
laundry 
Convenient to access medical services 24 hours a day 
Damaged facilities can be repaired on time 
Good security 
Availability of different types of room 
Can choose roommates/flatmates 
Easy to approach resident assistants in case of difficulties 
New and thorough accommodation services information on 
the website 
Availability of sufficient public telephones in the 
residences 
Availability of household cleanliness services 
Others 
Conveniently access ATMs  
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Based on the identified user requirements of the student accommodation 
services, a questionnaire was designed for surveying the perception value. First, the 
20 user requirements were converted into 20 sentences during the design process. For 
instance, user need “provide a cozy study environment” was expressed as “ A cozy 
environment for studying is provided”. Besides, this questionnaire employed a 5-point 
scale (1 - strongly disagree, 2 - slightly disagree, 3 - neutral, 4 - slightly agree, 5 -
strongly agree) to demonstrate the relative perception degree.  
Finally, the questionnaire consists of two sections: respondents’ background 
questions and user requirement perception questions. The background questions asked 
the degree, the nationality, the residence lived in and the duration of living in the 
residences provided by NUS. These are four most possible customer segments. These 
segments are likely to affect the results in some degree.  
 
4.4. Data Analysis 
 
The questionnaire-based survey lasted for two weeks, because there are nine 
residences provided by NUS, eight is on-campus and one is off-campus. To confirm 
the questionnaires evenly covered all nine residences, each residence was reached 
individually to get students to complete this survey. A Total of 450 questionnaires 
were sent out, 433 replies were received and 401 of them were considered valid for 
analysis. Those replies with missing data were excluded.  The response rate was near 
90%, which was really high.  
 
4.4.1. Analysis of the Ranked Perception of User Requirement and 
Some Descriptive Statistics      
 Some descriptive analyses were performed based on the data collected from 
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401 respondents. A list of user requirements with mean, standard deviation, and 
standard error of mean can be found in Table 4.2. 
 




User Requirement Ranking Mean 
Std. 
Deviation Std. Error
Convenient to access internet 1 3.64 1.38 6.89E-02
Access most parts of campus and city easily 2 3.54 1.13 5.66E-02
Easy to access basic appliances 3 3.42 1.19 5.94E-02
Provide a cozy study environment 4 3.35 1.07 5.34E-02
Easy to enjoy sports facilities 5 3.28 1.33 6.64E-02
Availability of different kinds of food nearby 6 3.24 1.14 5.70E-02
Good security 7 3.21 1.21 6.02E-02
Have plenty of activities for fun and 
communication 8 3.21 1.31 6.52E-02
Easy to approach resident assistants in case of 
difficulties 9 3.11 1.03 5.14E-02
New and thorough accommodation services 
information on website 10 2.95 1.02 5.10E-02
Availability of different types of room 11 2.93 1.24 6.20E-02
Have effective rules to reduce noise 12 2.91 1.26 6.28E-02
Availability of household cleanliness services 13 2.91 1.25 6.22E-02
Have various entertainment facilities nearby 14 2.89 1.17 5.85E-02
Easy to buy living necessities even at late night 15 2.84 1.26 6.31E-02
Damaged facilities can be repaired on time 16 2.83 1.15 5.72E-02
Convenient to access medical services 24 hours 
a day 17 2.66 1.19 5.92E-02
Availability of sufficient public telephones in 
the residences 18 2.61 1.23 6.16E-02
Can choose roommates/flatmates 19 2.53 1.30 6.48E-02
Conveniently access ATMs 20 2.37 1.36 6.79E-02
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Table 4.2 shows that the mean value of perceived performance ranges from 
3.64 to 2.37, and about half of statements (11) are below 3.0.  It presents that there are 
quite a lot of student accommodation services need improvements. The least three 
values are “Conveniently access ATMs” (2.37), “Can choose roommates/flatmates” 
(2.53), and “Availability of sufficient public telephones in the residences” (2.61). On 
the other hand, the three most satisfied items are “Convenient to access Internet” 
(3.64), “Access most parts of campus and city easily” (3.54), and “Easy to access 
basic appliances” (3.42).  
Although the sample size is relatively large (401), the standard deviation of 
each item is larger than 1.0. The main reason is that there are obvious customer 
segments due to nine independent residences, including Prince George’s Park, 
Gillman Heights, Eusoff Hall, Kent Ridge Hall, KEV II Hall, Raffles Hall, Sheares 
Hall, Temasek Hall, and Kuok Foundation House and Extension Block A.  Each 
residence has different location, internal decoration, and facilities. Among the nine 
residences, Gillman Heights is the most different from others, because it is the only 
one that is located off-campus, and it has no sports, entertainment, and canteen 
facilities. Above all, it also has no network points for direct Internet access, while 
other residences have.  
 
4.4.2.  Category Comparison in Terms of Satisfaction and Importance  
As mentioned before, students’ needs and wants were sorted into four 
categories: study, entertainment, living and others. It is of interest to analyze the 
differences among the four categories in terms of both satisfaction ranking and 
importance ranking. The satisfaction and importance data of the four categories are 
presented in Figure 4.1. Each value is computed as the mean of the customer 
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responses for each question belonging to the same category. Figure 4.1 shows the 












Figure 4.1. Category comparison in terms of satisfaction and importance 
 
In the satisfaction dimension, namely the perception dimension, the average 
satisfaction degree of study ranked the highest among the four categories (3.30), 
followed by living (3.26), entertainment (3.13), and others (2.80). It shows that 
students were generally satisfied with the study, entertainment and living conditions. 
However, the other services got a low degree (2.80), which implies that some extra 
services can be improved to satisfy students’ extra needs. 
Similarly, in the importance dimension, the average importance of living (4.18) 
ranks the highest among the primary needs, followed by study (4.13), others (3.47), 
and then entertainment (3.3). It’s not difficult to see that students are more concerned 
with living and study conditions of the residence. Additionally, all four categories of 
importance value are greater than 3.0, which also shows that all types of needs are 
important, although others and entertainment have a less degree.  
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4.4.3.  Analysis of Comparison of Perception Value in Terms of 
Location and Degree  
As mentioned above, there are totally nine residences provided by NUS for 
student accommodation. Gillman Heights is the only off-campus residence and 
accommodates graduate students. Some graduate students also live in studio 
apartments in two blocks in Prince George’s Park.  From Figure 4.2, it is obvious that 
Gillman Heights has the lowest average satisfaction degree in both study (2.29) and 
entertainment (1.76) among all residences. And they were far from the satisfaction 
















1- Prince George’s Park   2- Gillman Heights   3- Eusoff Hall 
4- Kent Ridge Hall           5- KEV II Hall           6- Raffles Hall 
7- Sheares Hall                  8- Temasek Hall     
9- Kuok Foundation House and Extension Block A 
 
 
Figure 4.2. Comparison of perception value in terms of location 
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4.4.4. Analysis of Differences between Undergraduates and 
Graduates 
Figure 4.3 shows the difference of perception of each requirement between 
undergraduate students and graduate students. The values are from what the average 
satisfaction degree of undergraduate students minus that of graduate students. This 
figure shows that there are four significant differences between undergraduate and 
graduate. The three statements with most significant difference are “Internet facilities 
are easily available”, “Various sports facilities are nearby”, and “A lot of activities are 
organized for residents to encourage communication and to generate friendship”. As 
discussed before, the three significant differences are likely due to the effect of 
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As a consequence, we conduct a further analysis to find out whether the huge 
differences between undergraduates and graduates are due to the effect of Gillman 
Heights. 
From Figure 4.4, we can see that graduate students ranked Prince George’s 
Park a much higher degree in study (3.58) than Gillman Heights (2.30). Prince 
George’s Park was also ranked a degree of entertainment 2.90 and Gillman Heights 
was only ranked 1.72. It shows that graduate students feel more satisfied living on-
campus than off-campus. Especially the degree of entertainment is rather low in 
Gillman Heights.  And it also explains that the differences between undergraduate and 














Figure 4.4. Comparisons between Prince George’s Park and Gillman Heights in terms 
of satisfaction degree of graduate students 
 
 
4.5. House of Quality (HOQ) 
4.5.1. Construction of the HOQ 
Seven steps were adopted to complete the HOQ for student accommodation 
services by NUS.  
Chapter 4          Using QFD to Evaluate Service Quality in Accommodation Services  
 62
As a customer-driven method, the first step of applying QFD to the student 
accommodation services was to identify its customers. A commonly used approach to 
identify the right customers is to ask “Who must be satisfied with the service in order 
to be considered successful?”  It is logical that the students who live in the residences 
provided by NUS are the primary customers of the accommodation services.  
The second step was the identification of user requirements, namely “Whats”. 
After the email-based survey was found out to be ineffective, one-to-one interviews 
were employed to collect user requirements. One-to-one interviews can also help to 
effectively probe for details. 15 students who were current customers were 
interviewed to get their requirements, as we mentioned before. What is interesting is 
that it turned out that the first 5 students contributed most for gathering the 
requirements. The following students only had three more new needs. This conforms 
to what Griffin and Hauser (1993) argued that 20 to 30 interviews are necessary to 
identify 90% or more of customer needs. Several similar needs were combined to one. 
At the end, a total of 20 user needs of student accommodation services were 
confirmed.  
The following step was used to capture the importance degree for each user 
need. A survey was conducted similar to the survey for the perception of performance. 
30 students gave their ratings of the importance value to each statement. 
The fourth step was the identification of the “Hows”. The “Hows” are how 
you are going to satisfy the specific customer “Whats”.  They are measurable, and 
something that can be worked on to satisfy the identified wants and needs. For each 
“What”, one or several “Hows” were developed. For example, to satisfy the students’ 
need of “availability of Internet facilities”, we could ask the question that “How to 
satisfy availability of the Internet facilities? That is, what could be done in order to get 
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easier access to the Internet?”. Then two related issues can be identified, one is 
“computer room” and another is “networking points in rooms”. Similarly, all the 20 
“Whats” were converted into 25 corresponding “How” (see Figure 4.5). 
The “Whats” and “Hows” were linked via a relationship matrix which showed 
how much each “How” affect each “What”. In the relationships matrix, the strong, 
medium, and weak relationships were cross-referenced. As the top box indicates (see 
Figure 4.5), they carry points of 9.0, 3.0, and 1.0 respectively. Take the user need 
“availability of Internet facilities” as an example again. It may be determined that the 
improvement of “computer room” and “networking point in rooms” would have a 
strong impact on the fulfillment of this particular need. On the other hand, the 
improvement of “computer room” would also have moderate contribution to satisfy 
“provide a cozy environment for study”.  
Next step was to identify the correlations among the “Hows”. The “roof” of 
the house is designed to cross-correlate the “Hows” against each other so that design 
conflicts and complimentary characteristics can be identified. Each cell in the roof 
matrix shows either a positive or a negative correlation for all pairs of “Hows”. For 
example, increasing “number of food outlets” would result in corresponding 
improvement of “food type”. On the contrary,  “offer household cleanliness service” 
may result in worse security in residences, and have a negative effect on “secure card 
access system”.  
The final step was to set priorities in order to allocate the limited resources of 
the university. “Importance of the Hows” was generated from multiplying importance 
of “Whats” by strong/medium/weak relationships, and then adding all the vertical 
figures. Percent Importance is a conversion of the importance of “Hows” into 
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percentages to get an easy understanding. Finally, an absolute rank was also given to 
present the priority number.  
 
4.5.2. Analysis of the HOQ 
After the above seven steps, a completed HOQ for student accommodation 
services by NUS was developed as shown in Figure 4.5. The completed HOQ 
provides useful information on how to improve student accommodation services by 
NUS. It clearly lists the requirements of students who are current customers of student 
accommodation services, their relative importance degree, and corresponding level of 
customer satisfaction (perception of performance). It also provides a list of “Hows” to 
help achieve a quality student accommodation services in NUS. An absolute ranking 
of the importance of “Hows” shows the priorities, which help the university to 
allocate their limited resources based on the priorities. 
As Figure 4.5 shows, the three most important “Hows” are “various routes and 
prolonged time table of shuttle bus”, “open new route from off-campus residence to 
campus”, and “room type”. This implies that the university should considerate these 
three in advance. And what is exciting that, NUS has acted on improving shuttle bus 
services. NUS has added new routes, adjusted previous routes, and increased the 
frequencies. Similarly, the three least important “Hows” were identified as “update 
information on the website at short intervals”, “offer household cleanliness service in 
residences” and “process time for repair”. Thus they may be considered only after 
other “Hows” are well developed and satisfied. 




Figure 4.5. A completed HOQ for student accommodation services by NUS 
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4.6. Discussion 
 This chapter presents a case study of identifying and meeting students’ needs 
of accommodation services by the National University of Singapore. Although QFD 
has been applied in higher education for many years, most has been focused on 
research and teaching, for example, research plan development, degree program 
design, teaching improvement, and curriculum change, etc. No previous paper has 
been done only for the accommodation services, except some that just treated 
accommodation services as a small part of their studies. However, this study provides 
a thorough view on how to achieve quality excellence in accommodation services, 
which is agreed by many researchers as an important part of students’ experiences in 
universities. Especially in today’s fierce competition environment, it’s good to know 
how to achieve student satisfaction from non-academic areas. In future research, we 
can also look at other non-academic parts, such as enrollment and extracurricular 
activities.  
 In this study, there are obvious customer segments due to nine different 
residences, including Prince George’s Park, Gillman Heights, Eusoff Hall, Kent Ridge 
Hall, KEV II Hall, Raffles Hall, Sheares Hall, Temasek Hall, and Kuok Foundation 
House and Extension Block A.  At the first sight, the results may show significant 
differences in graduates and undergraduates, and among the residences. But after 
further analyses, we can see that the differences exist mainly due to the different 
residences. Students actually had similar views for the accommodation services. They 
considered “study” and “living” the most important, which was rather reasonable.  
From the analysis of the HOQ, the three most important “Hows” identified 
were “various routes and prolonged time table of shuttle bus”, “open new route from 
off-campus residence to campus”, and “room type”. This implied that the university 
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should consider improving the shuttle bus service first, which surely would improve 
student satisfaction. 
This study demonstrates that QFD can be applied in other activities in higher 
education, other than teaching and research.  This chapter describes the detailed 
process of data collecting, data analysis, and the construction of the HOQ. It provides 
a framework for researchers to analyze service quality within similar context. The 
results of this study also show that QFD is very useful in ascertaining students’ 
desires, prioritizing their requirements, and giving the corresponding improvement 
directions.   




Using SERVQUAL to Measure Service Quality in 
Distance Learning 
 
Distance learning (or e-learning) is one of the most rapidly developing and 
growing areas in education, which is advantageous than the traditional education in 
many aspects. With the increasing popularity of distance learning programs, the needs 
to achieve quality excellence in these programs are increasing. However, not much 
research attention has been received in this area. In this chapter, service quality for 
Internet-based Learning provided by a Chinese major distance learning service 
provider (Huaxia Dadi Distance Learning Services Company) is analyzed and 
evaluated.  A method of measuring perceived service quality based on triangular 
fuzzy numbers is applied in this chapter, which is designed to overcome linguistic 
problems.  
 
5.1. Service Quality in Distance Learning 
5.1.1. History of Distance Learning 
The rapid technological advances in the late 20th century, especially the 
Internet, have resulted in a proliferation of distance learning programs available from 
an ever-growing number of institutions. Nicholson (1998) speculated that in the 21st 
century universities would evolve quite different from their precursor institutions. He 
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imaged that in 2030 there will be two types of higher education. One will be 
“Experience Camps”, funded by enterprises that provide study and social service 
experiences for a relatively small group of students. The other will be “Advanced 
Learning Networks”. These are vast distance learning enterprises without campuses, 
which provide high quality education to a great number of students around the world. 
In his opinion, distance learning is growing not only as a supplement to traditional 
institutions and programs, but also as a replacement for those institutions and 
programs. 
A basic definition of distance learning is “any formal approach to learning in 
which a majority of the interaction occurs while educators and learners are at a 
distance from one another” (Verduin and Clark, 1991). Historically, distance learning 
can be traced back to the 1700s and the beginnings of print-based correspondence 
study in the U.S. (Willis, 1993). Now learners can be reached through many kinds of 
media like the Internet, videoconferencing, audio conferencing and computer 
programs. With the enormous growth of distance learning technologies, students have 
more options than ever for using various forms of media to accomplish their learning 
goals. 
Taylor (1995) summarized that distance education operations have evolved 
through four generations:  
First, the Correspondence Model based on print technology;  
Second, the Multi-media Model based on print, audio and video technologies;  
Third, the Telelearning Model based on applications of telecommunications 
technologies to provide opportunities for synchronous communication; and  
Fourth, the Flexible Learning Model based on online delivery via the Internet. 
A conceptual framework is shown in Table 5.1.  




Table 5.1. Models of distance education - a conceptual framework (reproduced 









Models of Distance Education 
and 
Associated Delivery 





First Generation -  

















Second Generation -  




Computer-based learning (eg. 
CML/CAL) 


































Third Generation - The 
Telelearning Model 
Audio teleconferencing  
Video conferencing  
Audiographic Comms.  




























Fourth Generation -  
The Flexible Learning Model 
Interactive multimedia (IMM) 































Chapter 5        Using SERVQUAL to Measure Service Quality in Distance Learning  
 71
5.1.2. Customer Satisfaction in A Distance Learning Program 
As more and more institutions embrace Internet-based education, competition 
for students is becoming increasingly competitive on a global scale. The result is that 
education will become increasingly market driven, such that in the near future 
institutional success will depend primarily on students’ perceptions of flexibility of 
access, quality of service and value for money. To respond to this situation, 
educational institutions must recognize and meet the needs of learners who are quite 
different from the traditional students of the past.  
When Cooper et al. (1998) explored the needs and expectations of remote 
library users, they found that remote users (both students and faculty) had their own 
unique characteristics, needs and expectations. To promote user satisfaction, library 
staff needs to better understand users and their needs as well as help users to 
accomplish those needs. 
The distinctions between distance learning and traditional resident instruction 
are obvious, for example, the modes of delivery and the distances that separate 
students and teachers in both time and space. DiBiase (2000) emphasized in his article 
that distance learners are a qualitatively different, older population with different 
educational needs from traditional on-campus undergraduates and graduate students. 
To learn fully, effectively, and efficiently, Moore believed that what all 
distance learners want and deserve is (Gibson, 1998):   
• Content that they feel is relevant to their needs; 
• Clear directions for what they should do at every stage of the course; 
• As much control of the pace of learning as possible; 
• A means of drawing attention to individual concerns; 
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• A way of testing their progress and getting feedback from their instructions; 
and 
• Materials those are useful, active and interesting. 
The assessment based on learners is crucial to the success of a distance 
learning program. Chang (2002) proposed that three criteria should be met to be a 
well-considered virtual university supporting system: Administration Criterion, 
Awareness Criterion and Assessment Criterion. He believed that assessment is the 
most important and difficult part of distance education. And the tools to support the 
evaluation of student learning should be sophisticated enough to avoid biased 
assessment. Thorpe (1988) also pointed out that evaluation is important for the 
achievement of goals which matter to the practitioners of distance and open learning, 
such as the quality of learning experience they provide and the effectiveness of their 
programs or courses. She believed that evaluation should be incorporated as a regular 
set of practices in what they do. 
 
5.1.3. Internet-based Learning 
The Internet and the Web help overcome the barriers of time and space in 
teaching and learning (Kerka, 1996). As an effective platform for delivering virtual 
courses, the Internet has significant advantages compared with other distance learning 
medias. Wulf (1996) listed some of the advantages as follows: universal appeal, 
global access, consistent interface, media richness, lower connection costs, quicker 
development time than videos or CD-ROMs, easier updating of content, and an 
interactive communications environment. Since computer communication provides 
the learner anonymity to some degree and may “level the playing field” by allowing 
Chapter 5        Using SERVQUAL to Measure Service Quality in Distance Learning  
 73
learners to be judged on their own merit, equity is another advantage of learning 
through the Internet (Kerka, 1996). 
Of course, there are also many who feel that the quality of the teaching, the 
support that students receive and the information provided to students are not good in 
a distance education environment compared with a conventional face-to-face situation 
(Davies et al., 2001). For example, Filipczak (Kerka, 1996) believed distance learning 
on the Internet was not necessarily more effective, although it could be cheaper, faster, 
and usually more efficient than other learning modes. 
Numerous studies have been conducted that compare course outcomes 
between distance learning and on-campus learning. Verduin and Clark (1991) 
reviewed 56 studies comparing academic achievement of students in conventional 
classrooms to students in a variety of distance learning programs and found that 
“students using distance education methods achieve similar, if not superior, results 
when compared with conventional methods of teaching”. Similarly, Arbaugh (2000) 
found that while there were no significant outcome differences in MBA students 
taking Web-based course, women participated more than men in discussions. 
Motiwalla and Tello (2000) explored levels of student satisfaction within a Web-
based model that incorporated real-time (synchronous) and non-real-time 
(asynchronous) interaction between faculty and students in a paced, semester-based 
format. A report from the Institute for Higher Education Policy (1999) summarized 
the major shortcomings of research conducted regarding the effectiveness of distance 
learning courses. These include:  
• An emphasis on student outcomes for individual courses rather than 
academic programs; 
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• A lack of research regarding the impact of individual learning styles on 
student learning; 
• A lack of research on the impact of the use of multiple technologies; 
• A limited theoretical or conceptual framework; and  
• A lack of longitudinal studies and controlled groups. 
In this study, some of the shortcomings described above are to be addressed. 
First, the study was conducted across the whole distance learning web, rather than on 
one or two web-based courses. Second, the study reviewed the impact of the use of 
multiple communications’ technologies in the Web-based program on the dependent 
variables, student satisfaction and importance. Finally, the nature of the sample, the 
students who enrolled in Huaxia Dadi Distance Learning Web for study, provides 
future opportunities to conduct longitudinal studies.  
 
5.1.4. E-learning Services and System Provided by Huaxia Dadi 
Distance Learning Web  
Founded in December 1999, the Beijing Huaxia Dadi Distance Learning 
Services Co. Ltd is one of the major distance learning service providers in Chna. It is 
accredited as a high-tech company by the Beijing Science and Technology Committee 
and it is involved in key national education and science projects. The website 
(www.edu-edu.com.cn) was launched on April 25, 2000, which is a well-known adult 
education and training website in China. Huaxia Dadi has developed over 300 courses 
in various categories, mainly in Training Programs, Self-study, Professional 
Qualification Programs and Language Training Programs.  
The E-Learning System (ELS) adopted by Huaxia Dadi Distance Learning 
Web was internally designed and developed. The design of ELS, based on intelligent 
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agent technology, embodies the learners-centered teaching principle, creates a virtual 
online learning environment for adults users and guides and supports them in terms of 
learning methods, strategies and procedures. The framework of this ELS Platform is 
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The structure of this ELS platform is based on the following three systems: 
1. Learning support system: it supports students’ learning, communication, 
inquiry, online testing, and download of related resources. 
2. Teaching support system: it supports communication and discussions between 
students and teachers and manages instructional data and student information. 
3. Teaching management system: it supports management of accounts, students, 
teachers, courses and related resources. 
Based on these three systems, the functions and features of the ELS platform 
are listed as follows: 
1. Online registration: it supports registration of individuals, groups and multi-
identity users. 
2. Online course selection: it supports cross section of various specialties and 
supports review of course selection and reselection of courses. 
3. Multi-channel payment: it provides different payment channels, such as online 
payment, learner’s card, money order and bank transfer. 
4. Online learning: it provides individualized learning environment, organizes 
learning resources using hypertext and supports multimedia learning. 
5. Learning navigation: it provides users with lessons’ structure maps, learning 
results, suggestions and intelligent tips. 
6. Intelligent question-and-answering: it answers questions automatically based 
on professional knowledge base or by an online knowledge expert. 
7. Distance discussion: it supports synchronous and asynchronous online 
discussion. 
8. Online testing: it provides self-chosen parameters for self-organized exam 
papers, simulated examinations, intensified training and auto-grading function. 
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9. Related resources: it provides various resources directly related to the current 
lesson; supports video and audio presentation. 
10. Student management: it manages student’s selecting, taking and finishing 
courses, as well as student’s account, money and study record. 
11. Teacher management: it manages the teaching procedure, teacher’s account 
and teaching record. 
12. Course management: it manages the publishing, changing and deleting of 
courses. 
13. Resource management: it manages upload and download of instructional 
resources related to courses. 
14. System management: it provides tools for system management. 
 
5.2. Measuring Service Quality of Internet-based Learning  
5.2.1. Introduction 
 
One of the purposes of this section is to examine the different dimensions of 
service quality. This kind of information has practical implications for managers of 
distance learning service providers as they can direct their resources to improve weak 
service dimensions and to refine their marketing efforts so that customer expectations 
are met by the services delivered. The survey, adapted from the SERVQUAL 
instrument (Parasuraman et al., 1988, 1991), was designed to establish the number of 
dimensions of service quality in Internet-based Learning, which the students 
themselves consider to be the elements of service quality. In order to enhance student 
perceptions of service quality, the findings suggest valuable ways on how to allocate 
the available limited resources in the institutions, which provide distance learning 
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services. The following is the adopted two-stage research method, which gives a 
rationale for the specific adaptation of the SERVQUAL instrument. 
 
5.2.2. Methodology 
5.2.2.1 Questionnaire Design 
To apply a SERVQUAL-based survey in the Internet-based Learning context, 
two operational issues were addressed. First, it was recognized by the instigators 
themselves (Parasuraman et al., 1991) that the wording of the questions needs to be 
tailored to the specific service application, in a language with which the respondents 
can identify. Consequently, the first stage of the research was to consult students via 
focus groups to test and refine the wording and understanding of potential survey 
questions. 
Second, the original SERVQUAL questionnaire was designed to measure both 
expectations (forecast) and perceptions (what actually happens) of a firm’s service 
quality. Cronin and Taylor (1992) disputed the appropriateness of measuring the gap 
between expectations and perceptions. They developed and tested an alternative 
instrument, SERVPERF, which measured performance only based on the notion that 
“service quality should be measured as an attitude”. From customers’ standpoints, 
conveniently, we replace perceptions by satisfaction degree as well as expectations by 
importance degree. In short, perceived service quality is the discrepancy between 
satisfaction degree and importance degree. 
Modification to suit the distance learning setting resulted in the changes to 
some existing items, the inclusion of new items and deletion of old items. For 
example, the dimension of tangibles is not suitable to a Web-based course delivery 
process, so it was replaced by the attitudes of a good website, such as “Website 
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should be visually appealing” and “Website should be easy to navigate”. An original 
assurance item,  “Guests feel safe in their transactions with employees”, was replaced 
by “Firewall should be used to secure online monetary transaction”, which will be 
much clearer for respondents. In all, twelve items were either modified or added to the 
original SERVQUAL scale, and eleven items were deleted, leaving a total of 23 items 
in the final survey. 
The items shown in Table 5.2 were measured on a five-point scale ranging 
from “very important” to “very unimportant” on the level of importance and 
“excellent” to “very poor” on the level of satisfaction. In addition, a separate overall 
service quality measure that used a single rating 5-point scale (from “excellent” to 
“very poor”) was included to get the satisfaction level of overall service quality. The 
questionnaire is shown in Appendix C. 
 
5.2.2.2.  Sample Size and Data Collection 
A total of 1500 questionnaires were distributed by email to the registered 
students of Huaxia Dadi Distance Learning Web (www.edu-edu.com.cn) in China. 
The recruitment process for this study took place for a duration of one month, from 
March to April 2002. A sample size of 492 participants was collected, representing a 
response rate of 32.8%. Among all the returned questionnaires, only 350 were 
considered as valid.   
The participants of this study are all registered students of Huaxia Dadi 
Distance Learning Web, who can be considered as experienced customers in Internet-
based Learning. 66% of the respondents were male, and most of the respondents were 
between 21 and 30 years of age. 57% of the respondents in this study had Internet 
experiences for one to three years. And among the respondents, 42% were 
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poly/diploma students. Degree holders also occupied nearly 25% of all respondents. 
Besides, 64% were students who intend to take courses of Self Study Exams. 
 
Table 5.2. SERVQUAL statements 
1. Course materials and instructions should be accurate. 
2. Course materials and lectures should be accessed conveniently online. 
3. There should be hotlinks to get the software for viewing online materials and 
lectures easily.  
4. Chat rooms, forums and email lists should be available for instructors and 
students to interact.  
5. Online quiz and exam with real-time grading should be available.  
6. Reference links (links to related journals, articles, videos, etc.) should be 
available. 
7. Instructors and other staff should be easy to contact.  
8. Instructors and other staff should always be willing to help you.  
9. Individual attention should be given to students based on records and 
performance.  
10. Emails should remind students for related information (such as update course       
materials, lectures and coming activities, etc.) 
11. Websites should be accessible all the time.     
12. Website should be easy to navigate.  
13. Website should be visually appealing.  
14. The contents and information of website should be clearly labeled and 
organized. 
15. The contents and information of course website should be updated timely. 
16. There should be clear instructions for students to use the website.  
17. Email and hotline are provided for help.  
18. E-mail and call responses should be relevant and accurate.  
19. Services should be provided on time as planned.  
20. Students’ feedback should be processed promptly.  
21. Emails or questionnaires should be used to conduct student satisfaction surveys.
22. There should be various modes of payment for paying services.  
23. Firewall should be used to secure online monetary transaction. 
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5.2.3. Data Analysis and Results 
5.2.3.1. Dimensions of Service Quality in Web-based Course Service 
To explore the dimensions of quality in an E-learning setting, a factor analysis 
was performed and the results were subjected to varimax rotation. Factors with 
Eigenvalues greater than one were extracted. The general pattern of loadings is shown 
in Table 5.3, which suggests that, in this study, five factors emerge as the dimensions 
of service quality in E-learning setting, which is not similar to the original 
SERVQUAL model. 
Seven of the twenty-three variables have not been included in Table 5.3 as 
they had factor loadings of less than 0.5 on all five factors. We have labelled the five 
factors as: “responsiveness elements”, “website elements”, “study elements”, 
“payment elements”, and “course materials elements”. 
1. Responsiveness elements: These items are related to timely responsiveness of 
employees to students’ needs (6 items);  
2. Website elements: These items are related to the essential attributes of a 
workable website (3 items);  
3. Study elements: These items are essential to enable students to fulfill their 
study obligations (4 items);  
4. Payment elements: These items are related to payment service  (2 items); and 
5. Course material elements:  These items are related to the essential attributes of 
course materials provided by website - accuracy, accessibility, etc (2 items). 
 
It should be noted that the factors recovered here do not correspond with those 
recovered in the early SERVQUAL studies, where there were five factors labeled 
responsiveness, reliability, empathy, assurance, and tangibles. Parasuraman et al. 
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(1991) believed that these five factors represent the generic dimensions of service 
quality. However, many subsequent studies of service quality in a variety of services 
have also failed to recover the five dimensions of service quality (Buttle, 1996). 
Consequently, our discussion in the next section will focus on the five factors 
emerging from our data rather than the original SERVQUAL dimensions of service 
quality. A summary of the essential content of the dimensions of service quality in 
Internet-based Learning is shown in Table 5.4. 
 
5.2.3.2. Using Fuzzy Numbers in SERVQUAL to Evaluate Service Quality of 
Internet-based Learning 
Fuzzy set theory was developed for solving problems whose descriptions of 
activities and observations are imprecise, vague and uncertain. Lingual expressions 
(for example, satisfied, fair, and dissatisfied) are regarded as the natural representation 
of the preference or judgment. These characteristics indicate the applicability of fuzzy 
set theory in capturing the decision makers’ preference structure. Therefore, to 
strengthen the comprehensiveness and reasonableness of the decision-making process, 
it will be better to employ fuzzy set theory in the process to apply SERVQUAL. 
In marketing research, most questionnaires use Likert scales to measure 
respondents’ attitude. However, our method based on triangular fuzzy numbers makes 
linguistic terms more objective, and is different from general research using statistical 
methods in marketing research. 
We investigated the valid answers of 350 registered students of Huaxia Dadi 
Distance Learning Web. Following the seven steps below, we created Table 5.5 and 
Table 5.6 by employing the fuzzy arithmetic and the process model proposed in 
Chapter 3.  
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1 2 3 4 5
V1D -1.982E-02 .242 8.710E-02 -1.606E-02 .790
V2D .225 9.303E-02 .228 .239 .588
V3D .457 -9.420E-02 4.380E-02 .143 .476
V4D 5.808E-02 -1.964E-02 .762 .155 9.739E-02
V5D .284 .133 .625 .252 .110
V6D .230 .287 .517 5.611E-02 .326
V7D .475 .318 .566 3.939E-02 3.776E-02
V8D .654 .251 .304 -6.393E-02 -2.772E-02
V9D .459 .164 .449 8.744E-02 9.027E-03
V10D .119 .538 .378 2.640E-02 .226
V11D .225 .575 2.508E-02 .141 .179
V12D .221 .708 .107 9.771E-02 -4.617E-03
V13D .444 .273 4.730E-02 .346 2.019E-02
V14D .339 .434 9.113E-02 .234 .237
V15D .586 .376 4.337E-02 -1.266E-02 .277
V16D .170 .476 .171 .422 5.430E-02
V17D .513 .202 .304 .151 .250
V18D .541 .227 .212 .209 .211
V19D .560 .373 .249 .214 1.044E-02
V20D .718 5.834E-02 .143 .202 .162
V21D .416 .285 .150 .425 -1.445E-02
V22D -1.941E-02 .392 .194 .690 2.645E-02
V23D .226 -5.482E-02 .131 .741 .240
 
 
Extraction Method: Principal Component Analysis. 
Rotation Method: Varimax with Kaiser Normalization. 
A Rotation converged in 11 iterations. 
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Table 5.4.  Dimensions of service quality for Internet-based Learning 
 
Factor Main emphasis 
Responsiveness 
(Factor 1) 
Instructors and other staff should always be willing to help you. 
The contents and information of course website should be 
updated timely.  
Email and hotline are provided for help.  
E-mail and call responses should be relevant and accurate.  
Services should be provided on time as planned.  
Students’ feedback should be processed promptly. 
Website 
(Factor 2) 
Websites should be accessible all the time.     
Website should be easy to navigate.  
Website should be visually appealing.  
Study 
(Factor 3) 
Chat rooms, forums and email lists should be available for 
instructors and students to interact. 
Online quiz and exam with real-time grading should be 
available. 
Reference links (links to related journals, articles, videos, 
etc.) should be available. 
Instructors and other staff should be easy to contact. 
Payment 
(Factor 4) 
There should be various modes of payment for paying services. 
Firewall should be used to secure online monetary transaction. 
Course Materials   
(Factor 5)  
Course materials and instructions should be accurate. 
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Step 1: According to each respondent’s importance degree and satisfaction degree, in 
linguistic terms, their triangular fuzzy numbers are created by Eq. (3.1). 
 
Step 2: Applying Eq. (3.4) and Eq. (3.5), average triangular fuzzy numbers are created 
to aggregate respondents’ importance degree and satisfaction degree, as what are 
shown in Table 5.5. 
 
Step 3: Employing Eqs. (3.6) - (3.8), the weak and or strong attributes are clarified 
(see Table 5.5). 
 
Step 4: Defuzzifying average fuzzy number to BNP (Best Nonfuzzy Performance) 
value by the Center-of-Area method using Eq. (3.9) (see Table 5.5). 
 
Step 5: Applying Eqs. (3.4) and (3.5) again, average triangular fuzzy numbers for 
each dimension (which are found in section 5.2.3.1) are created to aggregate 
respondents’ importance degree and satisfaction degree, as what are shown in Table 
5.6. 
 
Step 6: Employing Eqs. (3.6) - (3.8) to clarify weak or strong dimensions (see Table 
5.6). 
 
Step 7: Defuzzifying average fuzzy number for each dimension to BNP (Best 
Nonfuzzfy Performance) value by the Center of Area method using Eq. (3.9) (See 
Table 5.6).  
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   6.51 
   6.37 
5.64   
5.31   
5.88   
5.72   
5.73   
5.85   
5.55   
5.89   
5.97   
6.03   
4.93   
5.78   
6.04   
5.50   
5.57   
5.95   
5.86   
6.13   
5.38   
5.50   
6.25   
 
5.00   
5.07   
4.72   
4.69   
5.34   
4.52   
4.67   
4.91   
4.57   
4.66   
5.51   
5.35   
4.73   
4.89   
4.52   
5.22   
5.03   
4.87   
4.83   
4.85   
5.33   
5.45   
    5.30 
-1.61   
-1.37   
-0.97   
-0.66   
-0.58   
-1.25   
-1.11   
-1.00   
-1.03   
-1.29   
-0.50   
-0.73   
-0.22   
-0.94   
-1.59   
-0.31   
-0.58   
-1.14   
-1.08   
-1.34   
-0.07   
-0.05   
     -1.02 
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Table 5.6. Service quality evaluations by triangular fuzzy number for each dimension 
 
 
The v-value is to evaluate the perceived service quality, that is, the 
discrepancy between satisfaction degree and importance degree. As showed in Table 
5.6, the v-value of each dimension is less than zero, which indicates they are all under 
an inferior condition, and it also means that a lot of work needs to be done to achieve 
student satisfaction. Among all the five dimensions, the “Payment” dimension has the 
least v-value (-0.31) and “Course Material” has the largest v-value of -1.41, which 





fuzzy number of 
importance degree
Average triangular 















V8   
V15   
V17   
V18  
V19   
V20   
(4.22,6.17,7.01) (3.06,5.01,6.83) 5.8 4.97 -0.93
Website 
 
V10   
V11   
V12    
(4.27,6.24,7.35) (3.02,4.97,6.75) 5.95 4.91 -1.04
Study 
 
V4      
V5    
V6    
V7     
(3.96,5.82,7.13) (2.92,4.87,6.64) 5.64 4.81 -0.83
Payment 
 
V22   
V23   
(4.23,6.15,7.25) (3.52,5.49,7.16) 5.7 5.39 -0.31
Course 
Materials   
 
V1    
V2  (4.86,6.84,7.63) (3.14,5.09,6.87) 6.44 5.03 -1.41
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dimension. If we can pay more attention to this dimension and make improvement on 
it, the degree of student satisfaction will be increased significantly.  From Table 5.6, 
we also can find that the most important dimension is “Course Materials” (which has 
the largest BNP value of 6.44), and the least important dimension is “Study” (5.64). 
Moreover, the most satisfying dimension is “Payment” (5.39) and “ Study” (4.81) is 
the worst.  
For a more detailed analysis, we should look to Table 5.5. For each item’s v-
value, the largest three v-values are V1, V15 and V2, that is “Course materials and 
instructions should be accurate” (-1.61), “The contents and information of course 
website should be updated timely” (-1.59) and “Course materials and lectures should 
be accessed conveniently online” (-1.37). This indicates they are under the most 
inferior condition. We notice that V1 and V2 are both from the “Course Materials” 
dimension. 
In terms of BNP value for importance degree for each item, Table 5.5 shows 
that the largest three values are V1, V2 and V23, that is “Course materials and 
instructions should be accurate” (6.51), “Course materials and lectures should be 
accessed conveniently online” (6.37), and “Firewall should be used to secure online 
monetary transaction” (6.21). The two most important items are all from the “course 
materials” dimension. The same result also is concluded from above paragraph, the 
largest BNP value of importance degree for dimensions is “ Course Materials” (6.44).  
The least three values for importance degree is V13, V4 and V21, “Website 
should be visually appealing” (4.93), “Chat rooms, forums and email lists should be 
available for instructors and students to interact” (5.31) and “Emails or questionnaires 
should be used to conduct student satisfaction surveys” (5.38). 
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In terms of BNP value for satisfaction degree for each item, Table 5.5 shows 
that the largest three values are V11, V22 and V12, that is “Websites should be 
accessible all the time” (5.51), “There should be various modes of payment for paying 
services” (5.45) and “Website should be easy to navigate” (5.35). The least three 
values are V6, V9 and V15, that is “Reference links (links to related journals, articles, 
videos, etc.) should be available” (4.52), “Individual attention should be given to 
students based on records and performance” (4.57) and “The contents and information 
of course website should be updated timely” (4.52). 
 
5.2.4. Discussion 
Nowadays, education has become more and more market-driven. In the near 
future, success may primarily depend on the students’ perceptions of service quality 
provided by educational institutions. As a result, educational institutions must 
recognize and meet the needs of the students.  
A number of conceptual and empirical studies about service quality in 
educational setting have been done, but little in the distance learning context. In this 
chapter, service quality for the Internet-based Learning, the latest version of distance 
learning, was analyzed and evaluated through a Chinese major distance learning 
service provider - Huaxia Dadi Distance Learning Web.  
This study was conducted across the whole distance learning web, rather than 
only one or two Web-based courses as some of the researchers did before. And the 
results have shown a lot of valuable information for the Internet-based Learning in 
China.  
A two-stage research method was adopted in this chapter and provided a 
rationale for the specific adaptation of the SERVQUAL instrument.  
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First, a principal components factor analysis, performed on data collected from 
a sample of 350 students, suggests that students’ perceived service quality has five 
dimensions: “Responsiveness elements”, “Website elements”, “Study elements”, 
“Payment elements”, and “Course materials elements”. The dimensions of service 
quality have practical meanings for the managers of the distance learning service 
providers because they can direct their resources to improve weak service dimensions 
and refine their marketing efforts so that customer expectations are met by the service 
delivered. From the study of this chapter, we have figured out that items related to 
“Course materials elements” dimension are most critical to the student satisfaction. 
Improving the items in this dimension will effectively and efficiently enhance the 
service quality of the Web-based courses provided by Huaxia Dadi. 
We also note that the factors recovered here do not correspond with those 
recovered in the early SERVQUAL studies, where the five factors labeled as 
responsiveness, reliability, empathy, assurance, and tangibles. Although Parasuraman 
et al. (1991) represented that the five factors are the generic dimensions of service 
quality, many researchers have failed to confirm the five generic dimensions of 
service quality in a variety of services (Buttle, 1996). 
Next, a method of measuring perceived service quality based on triangular 
fuzzy numbers was proposed in this chapter. This method overcome linguistic 
problems, such that the case study provided more objective information for Internet-
based Learning in China. Seven steps were adopted when implementing SERVQUAL 
with linguistic data. Fuzzy set theory was adopted in this study, which is often used to 
solve imprecision, vagueness and uncertainty in problems. To make the decision-
making process more comprehensive and reasonable, it will be much better to employ 
fuzzy set theory in the process of applying SERVQUAL. In addition, we should 
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notice that some factors would affect the results, such as the type of fuzzy numbers, 
defuzzification strategies, and the degree of fuzziness of fuzzy numbers.  
The results from this study are very helpful for us to discover the facts of this 
distance learning web’s service quality. For instance, as showed in Table 5.6, the v-
value of each dimension is less than zero, which indicates all the dimensions are 
under an inferior condition. That is, a lot of work needs to be done to achieve student 
satisfaction in this distance learning web. 
In order to enhance the student perceptions of service quality, the findings 
suggest valuable ways on how to allocate the available limited resources in the 
institutions, which provide distance learning services. From the results, we know that 
which dimension/item should be worked on immediately to efficiently improve the 
overall student satisfaction. For example, the “Course Materials” dimension has the 
largest BNP value, so the Huaxia Dadi Distance Learning Web should worked on the 
items in this dimension to most efficiently improve its overall service quality.






This chapter is divided into two major sections. The first section, concluding 
remarks, includes the brief statements of the problems, the procedures employed in 
the research and the highlights of the major findings. The other section discusses the 
limitations of this study and what further research needs to be done. 
 
6.1. Concluding Remarks 
With service industries playing a more and more important role in the overall 
economy of the world, service quality has become the single most researched area 
today. This thesis focuses on issues about analyzing, measuring and improving 
service quality in specific educational settings: accommodation services and distance 
learning.  
The evaluation of service quality is influenced by many uncertain factors. First 
of all, to deal with the ambiguity of inputs in the evaluation of service quality by 
SERVQUAL, a practicable process model based on triangular fuzzy numbers is 
proposed in Chapter 3, which includes four steps: “Creating a triangular fuzzy number 
for the ith customer’s linguistic terms”, “Creating an average triangular fuzzy number 
from n triangular fuzzy numbers”, “Clarifying the weak or strong attributes” and 
“Defuzzification”. This proposed fuzzy approach presents a framework for easily 
evaluating service quality by SERVQUAL.  
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QFD, a popular approach used in the industry, has been applied in higher 
education to achieve a quality education. This study demonstrates that QFD is a useful 
tool which can be applied in other activities in higher education, other than teaching 
and research. We presented a case study of identifying and meeting students’ needs of 
accommodation services, which have a great influence on students’ experiences in 
universities. The detailed process of data collecting, data analysis and construction of 
the HOQ for this case study is described in Chapter 4. Based on the identified 20 user 
requirements from one-to-one interviews, we conducted a survey in the nine 
residences in NUS. After some descriptive statistical data analysis, we followed seven 
steps to complete the HOQ for student accommodations services. From the HOQ, 
three most important “Hows” come out, that is, “various routes and prolonged time 
table of shuttle bus”, “open new route from off-campus residence to campus”, and 
“room type”, which could most effectively improve the service quality of the student 
accommodations services by NUS. From the processes and results, QFD is proved to 
be very useful in ascertaining students’ desires, prioritizing their requirements and 
giving the corresponding improvement directions.  
Distance learning has become one of the most rapidly developing and growing 
areas in education because of its advantages over the traditional education courses. 
Through a multitude of delivery mechanisms, especially the Internet, an 
overwhelming number of distance learning programs are available now. Educational 
institutions must recognize and meet the unique needs of distance learners, which are 
quite different from those of the traditional students. In Chapter 5, service quality for 
Internet-based Learning provided by a Chinese major distance learning service 
provider (Huaxia Dadi Distance Learning Services Company) is analyzed and 
evaluated through a survey by emails. A two-stage research method is adopted, which 
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provides a framework for the specific adaptation of the SERVQUAL instrument. 
Based on a modified 23-item SERVQUAL model, we conducted a survey to find the 
specific dimensions of service quality of Internet-based Learning according to the 
students’ perception. A principal components factor analysis performed on data 
collected from a sample of 350 students suggests that students’ perceived service 
quality has five dimensions: “Responsiveness elements”, “Website elements”, “Study 
elements”, “Payment elements”, and “Course materials elements”. Moreover, a seven-
step method for measuring perceived service quality based on triangular fuzzy 
numbers and SERVQUAL is used in this study, which is initially based on the four-
step process model proposed in Chapter 3. This method overcomes linguistic 
problems, and helps to provide more objective information for Internet-based 
Learning in China. The findings suggests that the “Course Materials” dimension is 
under the most inferior condition, which should be concentrated on in order to 
efficiently improve the performance of the services provided by Huaxia Dadi. 
Briefly, the contribution of this thesis is concluded as follows. In theoretical, 
this thesis proposed a process model based on triangular fuzzy numbers for 
SERVQUAL application. In practical, two case studies were carried out in relatively 
unexplored areas: accommodation services and distance learning, where useful 
information is provided for researchers and service providers. 
 
6.2. Limitations and Suggestions For Future Research 
Due to the limitations involved in the current study, much more research could 
be carried out for further improvement. 
Several points are summarized for future study, which are listed as follows: 
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First, the implementation of QFD in the accommodation services only dealt 
with the first phase of whole QFD process due to the limited cooperation with the 
Offices of Student Affairs in NUS. Future research could cooperate with the related 
offices in NUS to get the final HOQ and implement the HOQs in practice to check the 
effectiveness of QFD. 
Second, to the application of SERVQUAL in a Chinese distance learning web, 
future research could consider whether the factor structure (dimensions) proposed in 
Chapter 5 is valid in other distance learning webs provided by other service providers, 
for this study was conducted solely in one Chinese service provider’s registered 
students. And in the future, we can also conduct longitudinal studies to track this 
study, because the nature of the sample, the students who enrolled in Huaxia Dadi 
Distance Learning Web, provides future opportunities to do so.  
Third, to the fuzzy set theory employed in the SERVQUAL model, in future 
research, we could use valid measuring methods based on other fuzzy numbers (like 
trapezoidal fuzzy numbers), and compare with other proposed methods, such as 
Hamming distance (Oliver, 1981) and Dubois’s method.  
Finally, QFD and SERVQUAL can use separately to serve the goal of 
achieving service quality excellence. Future research also may integrate the two 
techniques together and find whether they can make better analysis and give greater 
contribution.
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A SURVEY ON STUDENT ACCOMMODATION 
SERVICES BY THE NATIONAL UNIVERSITY OF 
SINGAPORE 
 
General Information About Respondent  
 
Please tick your answers for the following questions 
 
1. You are: 
 An undergraduate student   A graduate student 
 Other category of student   
2. You are: 
  A Singaporean or Permanent Resident  An international student 
3. Where do you live now? 
Prince George’s Park Gillman Heights 
Eusoff Hall  Kent Ridge Hall 
KEVII Hall  Raffles Hall  
Sheares Hall  Temasek Hall  
Kuok Foundation House and Extension Block A 
4. How long have you lived in residences provided by NUS?  
less than three months three months to one year 







Accommodation Service Quality  
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Please tick the most appropriate answers for questions 1-20:  
Scale [1] [2] [3] [4] [5] 









1. A cozy environment for studying is provided.  
Strongly Disagree l 2 3 4 5 Strongly Agree 
2. Internet facilities are easily available.  
Strongly Disagree l 2 3 4 5 Strongly Agree 
3. Noise is sufficiently controlled at this residence. 
Strongly Disagree l 2 3 4 5 Strongly Agree 
4. Various sports facilities are nearby. 
Strongly Disagree l 2 3 4 5 Strongly Agree 
5. A lot of activities are organized for residents to encourage communication and 
generate friendship. 
Strongly Disagree l 2 3 4 5 Strongly Agree 
6. Various entertainment facilities are available and can be enjoyed for free or for a 
small fee. 
Strongly Disagree l 2 3 4 5 Strongly Agree 
7. Transportation to most parts of campus and to the city is available. 
Strongly Disagree l 2 3 4 5 Strongly Agree 
8. Food is conveniently available around the residence and different varieties are 
provided for both the local and international students. 
Strongly Disagree l 2 3 4 5 Strongly Agree 
9. Household cleanliness services are offered as an option for resident. 
Strongly Disagree l 2 3 4 5 Strongly Agree 
10.  Living necessities such as grocery can be easily accessed even late at night. 
Strongly Disagree l 2 3 4 5 Strongly Agree 
 
11. Medical services offering simple medication can be accessed 24 hours a day. 
Strongly Disagree l 2 3 4 5 Strongly Agree 
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12.  Damaged facilities are repaired on time. 
Strongly Disagree l 2 3 4 5 Strongly Agree 
13. Security is well implemented around the residential areas. 
Strongly Disagree l 2 3 4 5 Strongly Agree 
14.  Different types of rooms are offered according to the students’ preferences. 
Strongly Disagree l 2 3 4 5 Strongly Agree 
15.  Students can choose their own roommates/flatmates. 
Strongly Disagree l 2 3 4 5 Strongly Agree 
16.  Resident Assistants can be easily approached in case of difficulties. 
Strongly Disagree l 2 3 4 5 Strongly Agree 
17. Accommodation services information on the website is up-to-date and thorough. 
Strongly Disagree l 2 3 4 5 Strongly Agree 
18.  A sufficient number of public telephones are provided in the residence. 
Strongly Disagree l 2 3 4 5 Strongly Agree 
19.  Basic appliances (e.g., for cooking and laundry) are easy to access. 
Strongly Disagree l 2 3 4 5 Strongly Agree 
20. There are ATMs nearby for easy access. 
Strongly Disagree l 2 3 4 5 Strongly Agree 
  
Thank you very much for your kind assistance!
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